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INTRODUCTION 
The European corn  borer  (Pyraus ta  nub i  la  1 i  s  ( l i bn .  )  )  was  f i r s t  re ­
por ted  in  th is  count ry  by  V ina  I  (1917) .  He sugges ted  tha t  i t  migh t  have  
been impor ted  in  broomcorn  f rom Europe.  S ince  then  i t  has  moved wes t ­
ward  and sou thward  un t i l  now i t  covers  a  ma jo r  par t  o f  the  corn  g rowing  
a rea  in  the  Un i ted  S ta tes  and Canada and  has  become one o f  the  ma jo r  
economic  pes ts  on  corn .  
Brad ley  (1952)  repor ted  tha t  the  corn  borer  caused an  es t imated  loss  
o f  314 ,000,000 bushe ls  o f  den t  corn  in  1D' lD  a lone .  Such s izeab le  losses  
have  necess i ta ted  the  deve lopment  o f  con t ro l  measures  to  keep th is  pes t  in  
check .  Many  insec t i c ides  have  been tes ted  and recommended fo r  duropcan 
corn  borer  con t ro l .  The f i r s t  insec t i c ides  sugges ted  were  the  inorgan ic  
insec t i c ides  such  as  the  a rsen ica l  and  f luor ine  compounds .  These  were  re ­
p laced  by  ro tenone,  n ico t ine  tannate ,  and  ryan ia .  . . ' i t h  the  advent  o f  the  
ch lo r ina ted  hydrocarbons ,  DDT was  added to  the  l i s t .  
In  sp i te  o f  the  p rogress  made in  the  deve lopment  o f  insec t i c ides  fo r  
use  aga ins t  the  corn  borer ,  there  i s  a  need fo r  con t inu ing  research  in  
th is  a rea .  The mater ia ls  recommended when the  work  was  s ta r ted  gave  e r ­
ra t i c  con t ro l  o r  l e f t  undes i rab le  res idues  on  the  corn  s tover .  There fo re ,  
the  purpose  o f  th is  p ro jec t  was  to  tes t  var ious  ra tes  o f  g ranu la r  endr in ,  
hep  tach lo r ,  and  toxaphene in  a  search  fo r  an  insec t i c ide  wh ich  wou ld  con­
s is ten t l y  g ive  sa t i s fac to ry  con t ro l  w i thou t  leav ing  undes i rab le  res idues .  
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REVIEW OF LITERATURE 
History of Insecticides 
Entomologists have tested many types of insecticides for control of 
the European corn borer. Some of the early work was reported by Worth!ey 
and Caffrey (1927). Investigations from 1918 to 1926 proved that appl i­
cations of insecticides were ineffective in protecting growing corn or 
other plants from injury by the European corn borer. These workers tested 
various rates and formulations of the fol lowing insecticides :  lead arsen­
ate, magnesium arsenate, calcium arsenate, nicotine, hydrated l ime, and 
sulfur. In addit ion to the attempt to ki l l  the larvae during the period 
of establ ishment, attempts were made in 1925 to ki l l  them in the period 
of hibernation. 
Both laboratory and f ield experiments of a prel iminary nature were 
conducted on insecticides for European corn borer control and reported by 
Huber £t aj_. (1928). The laboratory work was designed to determine the 
toxicity of the various dusts to the newly-hatched larvae. In the f ield 
80 percent sodium f luosi1icate was appl ied at 10 pounds of dust per acre 
at f ive-day intervals unti l  six treatments had been made. Final infesta­
t ion and borer populat ion counts were made in the fal l .  These counts 
showed a reduction of 83 percent in the number of plants infested. Borer 
populat ion was reduced 58 percent on infested plants by the insecticide 
treatment. 
A number of  insect ic ides were tested by Batchelder and Questel  (1930-
Neither acid lead arsenate nor any o i l  emulsion invest igated gave sat is­
fac to ry  con t ro l  under  f i e ld  cond i t ions  when used a  1 one .  Insec t i c ides  in ­
vo lv ing  the  use  o f  n ico t ine  and pyre th rum as  we l l  as  severa l  o ther  ma­
te r ia ls  o f  the  con tac t  insec t i c ide  type  were  no t  found p rac t i ca l  fo r  use  
aga ins t  the  European corn  borer .  
S imanton  e i t  a j_ .  (1331)  round tha t  lead  a rsenate  d id  no t  cause  a  h igh  
mor ta l i t y  un less  app l ied  in  excess ive  quant i t ies .  Ca lc ium arsenate  was 
no  be t te r  than  the  lead  a rsenate .  Some samples  o f  bar ium f luos i1 ica te  
were  very  tox ic  to  corn  wh i le  o thers  were  no t .  Mos11 y  the  k i l l  was good 
bu t  the  corn  was  more  o r  less  in ju red .  Ca lc ium f luos i l  i ca te  cons is ten t l y  
gave  sa t i s fac to ry  k i l l s  w i th  a  min imum o f  corn  in ju ry .  Cons is ten t  h igh  
k i l l s  were  ob ta ined  w i th  sod ium f luos i l i ca te  bu t  the  corn  was ser ious ly  
in ju red .  N ico t ine  was no t  su f f i c ien t l y  tox ic  to  jus t i f y  i t s  use .  Th i r ­
teen  f luor ine  compounds  tes ted  in  1330 gave  sa t i s fac to ry  k i l l .  
Accord ing  to  F ich t  (1333) ,  ce r ta in  insec t i c ides  were  tes ted  f rom 1923 
to  1932 to  de te rmine  the i r  va lue  fo r  curopean corn  borer  con t ro l .  Bar ium 
f luos i ! i ca te ,  ca lc ium f luos ! l i ca te ,  and sod ium f luos i l i ca te  were  tes ted .  
Cons iderab le  phy to tox ic i t y  was  observed  a f te r  app l i ca t ion  o f  bar ium f luo-
s i l i ca te .  Ca lc ium f luos i l i ca te  a lso  had a  tendency  to  in ju re  the  p lan ts  
bu t  was  cons idered  as  one  o f  the  most  sa t i s fac to ry  insec t i c ides  fo r  corn  
borer  con t ro l  up  to  tha t  da te .  Ac id  lead  a rsenate  in  combina t ion  w i th  o i l  
emuls ions  gave  sa t i s fac to ry  con t ro l  and  l i t t l e  p lan t  in ju ry .  Mydra ted  
l ime and ta lc  were  used as  bar r ie rs  to  young la rvae  w i thou t  success .  
H ico t ine  and pyre th rum used a  1 one  and w i th  der r i s  gave  unsa t i s fac to ry  
rcsu1 ts .  
Of  the  mater ia ls  tes ted  by  Turner  (193-0  two insec t i c ides  were  p roven 
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to be outstanding and a third sl ightly less effect ive for corn borer con­
trol .  Pure ground derris root (4 percent rotenone) and phenothiazine 
(thio-diphenyl-amine) used in suspension at the rate of 2 pounds in 50 
gal lons of water with a suitable spreader were very effect ive. From 
sprayed plots 85 percent of the ears were borer free whereas on unsprayed 
plots only 36 percent of the ears were borer free. Tank mixed nicotine 
tannate was somewhat less effect ive for about 77 percent of the ears from 
sprayed plants were free from borers. 
Baker and Oues tel (1939) studied the effect iveness of f ixed nicotine 
preparations, f luorine compounds, phenoth i  za i  ne and derris in spray and 
dust formulations. Derris and the f luorine compounds provided a high de­
gree of protection when used as sprays in a treatment schedule of four ap­
pl ications spaced at f ive-day intervals. The f luorine compounds caused 
more or - Jess injury to the corn plants which made their use undesirable. 
A series of tests with various insecticides were conducted by Beard 
and Turner (1942). Dual f ixed nicotine containing 4 percent nicotine was 
consistently more effect ive in control l ing the European corn borer than 
dust containing 1 percent rotenone in the form of pure ground derris root. 
Dust made by impregnating inert material with extract of pure ground derris 
root or pyrethrum f lowers was not signif icantly less effect ive than dust 
prepared by mixing ground root of derr is with the carr ier. 
Results of prel iminary laboratory and f ield tests performed by Questel 
(1944) at Toledo, Ohio in 1943 indicated DDT to be the most promising sub­
st i tute for ground derris spray thus far tested for control of the European 
corn borer in early market sweet corn. I t  gave relat ively high reduction 
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of borers in both ears and plants without injury to the corn. 
Batchelder and Questel (1945) conducted experiments in sweet corn 
near Toledo, Ohio to determine dosage requirements and effect iveness of 
DDT as an insecticide for control of the f i rst brood of the European corn 
borer. Four appl ications of dusts containing 0.75, 1.5, 3.0, and 6.0 per­
cent of DDT in pyrophy11i te were made 5 to 7 days apart in dosages of 0.3, 
0.6, 1.2, and 2.4 pounds per acre. Borer reduction increased with each 
increase in the dosage rate and at the highest rate provided 95 percent 
reduction. 
Ryan i  a was tested by Pepper and Carruth (1945) against the European 
corn borer in 1943 and 1944 under f ield condit ions in New Jersey and New 
York. In prel iminary tests in New Jersey in 1943 the corn borer control 
accomplished was considered the most effect ive ever obtained up to that 
t ime. When the normal appl ication schedule (four to f ive insecticide 
treatments at f ive-day intervals) was modif ied by reducing the number of 
treatments and lengthening the interval between treatments, satisfactory 
results were obtained. Good control was obtained when 20 to 35 pounds of 
a 50 percent ryania dust was appl ied. 
After experimenting with DDT dust and spray preparations against 
both hibernating and actively feeding larvae of the European corn borer, 
Questel (1945) suggested that the percentage of DDT may have less bear­
ing on the effect iveness of the dusts and sprays than some other factors 
perhaps related to the physical and chemical character of the di luent. 
Hibernating larvae thoroughly coated with a powder containing 10.8 percent 
of DDT in pyrophy11i te or with 50 percent DDT with an absorbent clay were 
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a l l  k i l l ed  w i th in  th ree  days ,  whereas  very  few o f  those  coa ted  w i th  
coarse ly  g round und i lu ted  DDT o r  powders  con ta in ing  50  percen t  DDT m ic ro -
pu lver ized  w i th  f ib rous  ta lc  were  k i l l ed .  
Severa l  new insec t i c ides  were  tes ted  by  Decker  _e t  _a_L (1947)  i n  the  
f ie ld  in  l946 .  None o f  those  tes ted  showed p romise  in  rep lac ing  DDT o r  
ryan ia .  Toxaphene gave  fa i r l y  good con t ro l  bu t  ro thane and BMC were  
de f in i te ly  in fe r io r  and metho ; ;y~DDT was p rac t i ca l  1 y  i ne f fec t i ve .  
App le  and  Decker  (1343)  repor ted  on  exper iences  in  194C,  1947,  and  
1343 w i th  i  nsec t  i  c i  da  1 dus ts  fo r  corn  borer  con t ro l  on  cann ing  corn .  
The i r  resu l ts  showed 40  percen t  ryan ia  a t  25  pounds  per  ac re  to  be  the  
most  e f fec t i ve  t rea tment .  F ive  percen t  DDT was  found to  be  more  e f fec t i ve  
than  equa l  concent ra t ions  o f  DDT,  methoxych lo r ,  toxaphene,  and  1 percen t  
ro tenone.  
A r t i f i c ia l l y  in fes ted  s ing le -p lan t  p lo ts  were  used by  Cutkomp and 
Ho i  daway (1950)  to  tes t  insec t i c ides .  V /e t tab le -powder  hep tach lo r  a t  1 
pound per  100 ga l lons  o f  spray  app l ied  a t  about  30  ga l lons  per  ac re  re ­
duced the  popu la t ion  77  percen t  over  the  un t rea ted  con t ro l .  A 93  percen t  
wet tab  1e  DDT powder  fo rmu la t ion  a t  the  same ra te  gave  40  percen t  reduc t ion  
wh i le  75  percen t  wet tab le  powder  DDT gave  1 j  percen t  reduc t ion .  In  the  
same tes t  app l i ca t ions  o f  ro tenone a t  0 .25  pound and ryan ia  a t  6  pounds  
per  ac re  resu l ted  in  20 and  3  percen t  reduc t ion ,  respec t i ve ly .  
Dur ing  the  1350 season,  Ques te l  and  Br ind ley  (1953)  sc reened a  number  
o f  compounds  i n  smal l  p lo ts .  Mater ia ls  were  app l ied  to  the  whor l  o f  corn  
p lan ts  in  su f f i c ien t  quant i t ies  to  reach  a l l  po in ts  where  borers  usua l l y  
feed .  Ryan i  a  a t  3 .6  pounds  per  100 ga l lons ,  hep tach lo r  a t  1 pound,  ro te -
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none at 0.2 pound, and DDT at 1 pound gave 94, 9 3 ,  89, and 98 percent re­
duction respectively. In similar tests in 1951 sprays were mixed and 
applied at 120 gal lons per acre. DDT wettable powder at 1.2 pounds, DDT 
emulsif iable concentrate at 0.3 pound, endrin wettable powder at 0.48 
pound, heptachlor wettable powder at 1.2 pound, endrin emulsi f iable con­
centrate at 0.3 pound, ryania wettable powder at 4.8 pounds, and penta-
chlorophenol at 0.6 pound per acre gave 9b, 96, 100, 100, 96, 94, and 67 
percent reduction, respectively. 
Farrar (1953) was the f i rst person to report the use of a granulated 
type insecticide for control of any insect on corn. Late corn heavi ly 
infested with corn earworm in the whorl stage was treated with 5 percent 
granular dieldrin and 25 percent granular toxaphene. Both insecticides 
completely el iminated the infestat ion in 48 hours. Farrar reported that 
equipment designed for applying conventional dusts may be modif ied to apply 
granular insecticides. He suggested that this formulation might be adapt­
able in the control of insects with special ized problems such as the 
European corn borer. 
According to Cox et al.  (1956a) there was no dif ference between gran­
ular formulations of EPN at 0.1 pound per acre, heptachlor at 1.5 pounds, 
and DDT at 1 pound for f irst-brood corn borer control in 1953. Likewise 
there was no dif ference between these three toxicants and ma lath ion in 
1954, although DDT and heptachlor gave sl ightly better numerical borer re­
duction. 
Cox e_t aj_. (1956b) experimented in 1955 to test the effect iveness of 
14 insecticides in granular formulation. Endrin at 0.4 pound, heptachlor 
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at 1.5 pounds, aldrin at 1 pound, and dieldrin at 0.4 pound gave better 
European corn borer control than DDT at 1.5 pounds per acre. The DDT 
treatment was only sl ightly better than that with granular toxaphene at 2 
pounds per acre. Granular DDT at 1.5 pounds per acre was just as effec­
t ive as DDT emulsion spray .at the same rate. 
Lovely et_ aj_. (1956) appl ied 7.5 percent granular DDT at 20 pounds 
per acre with six dif ferent granular appl icators. They could not show 
any signif icant dif ference between the number of surviving borers in the 
plots treated with the dif ferent machines. 
In a test on sweet corn in 1956, Gould and Wilson (1957) appl ied 
various sprays and granular insecticides on June 25. Dissections made on 
July 2, 9, and 16 in this experiment showed DDT spray at 1.5 pounds per 
acre and granular formulations of DDT at 1.0 pound, endrin at 0.2 pound, 
and heptachlor at 0.5 pound al l  gave excel lent control of the f i rst gener­
at ion in f ield corn. The reductions with these treatments ranged from 79 
to 95 percent. 
Residues 
Batchelder and Questel (1931) pointed out the residue problems after 
treatment with insecticides for European corn borer control.  They state 
"Use of corn as si lage and the practice of feeding out green corn stalks 
to l ivestock introduced a minor problem in insecticide practice. Only a 
highly volat i le material could be employed under such circumstances." 
Some of the earl ier work on DDT residue af te r  spraying for corn 
borer control was reported by Decker et al. (1947). Residues on corn 
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fol iage apparently weather rapidly at f i rst and more slowly thereafter. 
Residues were greatest on the fol iage and practical ly non-existent on the 
kernels. The levels of residues were such that they may have some bear­
ing on feeding of crop remnants to catt le. 
Fa hey et a_l_. (1953) conducted experiments in 1949, 1950, and 1951 to 
study the magnitude of DDT residues on corn plants after dust and spray 
treatments for European corn borer control.  The effects of spray volumes, 
spray pressures, nozzle arrangements, formulations, number of applications, 
and distr ibution of DDT on the corn plants were compared. DDT dust at 2 
pounds and spray at 1.5 pounds per acre were compared. Dusts gave lower 
deposits than wettable powder sprays and the greatest deposits resulted 
w.ith emulsion sprays. With al l  three formulations the greatest amount of 
residue in parts per mil l ion was found on the leaf t ips, fol lowed in order 
of magnitude by the leaf base, whorl leaves, and stalk. Young corn plants 
in which the rat io of height to weight is high retained larger residues 
than older plants in which the rat io is lower. Corn kernels treated with 
two applications of DDT spray contained no DDT either on the surface or 
within the kernels. When corn plants with residues of 41 p.p.m. were en­
si led, the si lage contained from 12 to 34 p.p.m. of DDT. Milk from 
cows fed this si lage contained from 0.6 to 3-8 p.p.m. of DDT. 
The effect of pasturing steers on corn stover in f ields treated with 
DDT was studied by Fahey et al.  (1955). Two f ields, one treated with 
DDT spray at 1.5 pounds per acre as an emulsion, and an untreated f ield 
were used. Spray was appl ied June 25 and July 2. Ten-plant samples were 
taken and chopped with 1-quart samples taken for analysis on July 2, 
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August 10, and September 23. On October 14 stover was sampled for resi­
due. Samples taken July 2, August 10, and September 23 had 116.7, 14.4, 
and 11.2 p.p.m. DDT, respectively. Stover samples had 23.3 p.p.m. The 
apparent increase in residue on the stover over that on September 23 was 
due to the dif ference in moisture content of the plants. On October 19, 
three animals were placed on the DDT-treated f ields, and two were placed 
on the untreated f ields. Biopsy samples from the withers over the poste­
r ior port ion of the shoulder blade were taken on October 12, November 20, 
December 21, February 6, and March 22. Al l  animals were free of DDT at 
the beginning of the experiment. After one month animals on the treated 
stover showed 1.0 to 2.8 p.p.m. DDT and this increased to 5.0 p.p.m. on 
December 21 when the animals were moved to the feed lot.  The DDT dimin­
ished rapidly unti l  by March 22 only 0.1 p.p.m. or less was found in the 
biopsy samples. 
Cox et aJ_. (1956b) report that the amount and distr ibution of DDT 
residue after second brood treatment was much lower on granular treated 
plots than sprayed plots. Very l i t t le DDT was found on the leaves of 
plants taken from granular treated plots. In comparison, up to 200 t imes 
more residue was found on the leaves of sprayed plants than on those 
treated with granules. Sprayed plants had about twice as much residue in 
the leaf axi l  and stalk area as plants treated with granules. 
Fahey et al.  (1956) treated corn with granular DDT and DDT emulsion 
sprays for f i rst- and second-brood corn borer control t t ien sampled the 
corn plants to determine the distr ibution of the insecticide on the plants. 
The emulsion deposited greater residues on the corn leaves than did gran-
I l  
ules, but the granules deposited equal or greater residues in the plant 
whorls and at the leaf axi ls. Granular formulations prepared with atta-
pulgite or eel i  te gave greater deposits than formulations prepared with 
other carr iers. Very similar results were obtained by Cox et al.  (1957) 
in a study on ma lath ion. Granular treated plants had considerably less 
ma lath ion residue than plants treated with the ma lath ion emulsion, but 
the residue persisted longer on the emulsion treated plants. However, 
practical ly al l  residue was lost in f ive days. 
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METHODS AMD PROCEDURE 
Tes t  F ie ld  
A l l  o f  the  exper iments  were  conduc ted  a t  the  European Corn  Borer  Re­
search  Labora to ry ,  Ankeny ,  Iowa,  a  coopera t i ve  labora to ry  opera ted  by  the  
Un i ted  S ta tes  Depar tment  o f  Agr icu l tu re  and the  Iowa S ta te  Co l lege  Agr i ­
cu l tu ra l  Exper iment  S ta t ion .  
The corn  on  wh ich  the  tes ts  were  car r ied  ou t  was  g rown under  the  
usua l  agronomic  p rac t i ces  such  as  so i l  p repara t ion ,  p lan t ing ,  and  cu l t i va ­
t ion .  No agr icu l tu ra l  chemica ls ,  o ther  than  fe r t i l i ze rs ,  were  used wh ich  
migh t  a f fec t  the  corn  borer  popu la t ion .  
The hybr id  Iowa 4297 was  p lan ted  in  the  f ie lds  se lec ted  fo r  th is  work .  
Th is  var ie ty  i s  suscept ib le  to  in fes ta t ions  o f  the  European corn  borer .  
In  add i t ion  to  p lan t ing  a  suscept ib le  hybr id ,  the  da tes  o f  p lan t ing  were  
regu la ted  to  insure  the  heav ies t  poss ib le  na tu ra l  in fes ta t ion .  F ie lds  
used fo r  f i r s t  brood s tud ies  were  p lan ted  ear l ie r  than  a  ma jo r i t y  o f  the  
corn  in  th is  a rea .  F i rs t  b rood  tes t  f i e lds  were  p lan ted  Apr i l  27 ,  25 ,  and  
2u  in  195o,  1957,  and  1353,  respec t i ve ly .  F ie lds  used fo r  second b rood 
s tud ies  were  p lan ted  la te  in  the  season to  a t t rac t  a  heavy  second b rood 
in fes ta t ion .  These p lan t ing  da tes  were  May 24 ,  22 ,  and  29  i n  195b,  1957,  
and  1353,  respec t i ve ly .  
Insec t i c ides  and Formula t ion  
The insec t i c ides  inc luded in  th is  s tudy  were  toxaphene (ch lo r ina ted  
camphene con ta in ing  3 /  to  3g  percen t  ch lo r ine) ,  hep tach lo r  (3a ,4 ,5 ,o ,7 ' ,3 ,  
u-oc tach l  o ro -2 ,3 ,3^Z ' ,  / '>  7a - te t rahydro-4 ,7 -methano i  ndene) ,  and  endr in  (1 ,2  
3 ,4 ,10 ,1  0 -hexach lo ro -O,  7 -epoxy- I ,4 - ,  4a ,5 ,3 ,7 ,3 ,3a-oc  tahydro-1 ,4 ,5 ,3 -endo-
endo-d imethanonapthc1ene) .  DDT (1 ,1 ,1 , t r i ch lo ro -2 ,2 -b is (p -ch lo ropheny1)  
e thane)  was  inc luded as  a  compar ison  in  a l l  o f  the  exper iments .  
A l l  insec t i c ides  were  app l ied  as  g ranu la r  fo rmu la t ions .  .Vnen the  
des i red  fo rmu la t ions  were  ava i lab le ,  the  g ranu les  were  app l ied  a t  the  ra t  
o f  20  pounds  per  ac re .  In  a  few ins tances ,  the  ra tes  o f  app l i ca t ion  o f  
the  g ranu les  per  ac re  had to  be  a l te red  so  as  to  app ly  the  des i red  amount  
o f  ac tua l  tox ican t  per  ac re  w i th  the  fo rmu la t ion  ava i lab le .  Tab le  1 p re ­
sen ts  the  fo rmu la t ions  and ra tes  tes ted  in  19J0 ,  1957,  and  1353 fo r  bo th  
the  f i r s t  and second b roods .  
DDT was  app l ied  a t  t i i e  ra te  o f  1 pound o f  ac tua l  tox ican t  per  ac re  
in  a l l  cases  except  fo r  the  f i r s t  brood tes t  in  1357 when 0 .Ù pound o f  
ac tua l  DDT per  ac re  was app l ied .  Th is  was  accompl ished by  app ly ing  20  
and  12  pounds ,  respec t i ve ly ,  o f  a  5  percen t  fo rmu la t ion .  
A t  leas t  th ree  ra tes  o f  endr in ,  toxaphene,  and  hep tach lo r  were  
tes ted  each  year .  The in te rmed ia te  dosage was  thought  to  be  c lose  to  the  
ra te  adequate  to  g ive  corn  borer  con t ro l .  App l i ca t ions  above and  be low 
the  in te rmed ia te  ra te  were  tes ted  in  o rder  to  de te rmine  the  re la t ionsh ip  
be tween dosage and mor ta l i t y .  Each succeed ing  year  the  range in  app l i ca ­
t ion  ra tes  was a l te red  accord ing  to  the  resu l ts  o f  the  p reced ing  year  in  
an  e f fo r t  to  es tab l i sh  the  lowes t  ra tes  w i th  wh ich  these  tox ican ts  wou ld  
g ive  corn  borer  con t ro l  equa l  to  the  recommended DDT t rea tment .  
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Table I .  Insecticide formulations tested in 1956, 1957, and 1958. 
Actua1 
Insecticide Year Formulation Insecticide insecticide 
Pounds/acre Percent Pounds/acre 
Toxaphene 1956 20 5.0 1.0 
20 10.0 2.0 
20 15.0 3.0 
1957 20 2.5 0.5 
20 5.0 1.0 
20 7.5 1.5 
20 10.0 2.0 
1958 20 5.0 1.0 
20 7.5 1.5 
20 10.0 2.0 
Heptachlor 195b 20 2.5 0.5 
20 5.0 1.0 
20 7.5 1.5 
1957 20 1.25 0.25 
20 2.5 0.5 
20 5.0 1.0 
1953 20 2.5 0.5 
20 3.75 0.75 
20 5.0 1.0 
Endrin 1956 20 ' 0.5 0. 1 
20 1.0 0.2 
20 2.0 0.4 
1957 20 0.5 0. 1 
20 1.0 0.2 
20 2.5 0.5 
1958 12.5 1.0 0. 125 
12.5 2.0 0.25 
10 5.0 0.50 
DDT 1956 20 5.0 1.0 
( f i rst brood) 1957 12 5.0 0.6 
(second brood) 20 5.0 1.0 
1958 20 5.0 1.0 
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Experimental Designs 
The experimental plots were four rows wide in al l  experiments 
except the second brood test in 1958 when they were three rows wide. In 
1956 the plots were 140 feet long but in 1957 and i958 they were short­
ened to 100 feet. 
In 1956 a spl i t-spl i t  plot experimental design was used. The treat­
ments were applied on two dates on dif ferent plots. The date of applica­
t ion was assigned to the whole plots, the insecticides on the spl i t  plots, 
and the rates of toxicant were assigned to the spl i t-spl i t  plots. With 
the exception of the f i rst brood test in 1957 a spl i t  plot design was 
used in both 1957 and 1958. The dates of application were assigned to 
the f i rst spl i t  and the insecticides and rates were randomly assigned to 
the spl i t  plot.  Four-fold repl ication was used in al l  experiments. The 
design in 1957 for f i rst brood experiments was a randomized block with 
only one date of treatment. 
App1ication Equipment 
An experimental f  1 uted-feed granular appl icator (Love 1 y £t £]_. 1956) 
mounted on a high-clearance vehicle was used to apply the formulations. 
A rear view of this machine is shown in f igure 1. The applicator was 
equipped with f lutes capable of adjustment to del iver a measured amount 
of granules with each revolut ion of the f lutes. The speed of the revolu­
t ion of the f lutes was dependent on the speed of vehicle movement. There­
fore the speed at which the vehicle moved in the f ield was proport ional to 
the amount of material del ivered per acre. Extreme dif ferences in speed 
Figure 1. Experimental f luted-feed granular appl icator mounted 
on the rear of a high-clearance vehicle. 
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affected the amount each f lute del ivered sl ightly, so the applicator was 
cal ibrated at the f ield speed of 4 miles per hour. 
The granular applicator was equipped to treat two rows simultan­
eously. Since the experimental plots were three and four rows wide, two 
rows were treated and the remaining rows were left  as buffer rows to 
prevent any insecticide dri f t  into adjoining plots. 
Observations on Infestat ion 
The potential infestat ions and seasonal development of the corn 
borer in the test f ields was determined by making regular observations. 
In each f ield where tests were being conducted, 40 plants were tagged 
and numbered. Each Monday, Wednesday, and Friday from the beginning to 
the end of the ovipos i  t ion period each plant was examined for new egg 
masses. Each new mass was marked with a fel t- t ip marking pen and i ts 
posit ion recorded. On subsequent observations the mass was checked to 
determine whether i t  had hatched or had been destroyed. In the f ields 
where tests on the f i rst brood were conducted, the number of plants which 
showed evidence of leaf feeding was also recorded. The records on ovi­
pos i t  ion and leaf feeding were used to determine the date on which the 
insecticides should be applied. 
Eva lua t ing  Borer  Reduc t ions  
With the exception of the f i rst brood experiment in 1956, to deter­
mine the effect iveness of the various insecticide treatments, ten plants 
were systematical ly chosen at random from the two treated rows in each 
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exper imenta l  p lo t .  The p lan ts  were  se lec ted  by  wa lk ing  in to  the  p lo t  ap­
p rox imate ly  seven o r  e igh t  paces  then  a  p lan t  was  taken  every  t i i ree  paces  
un t i l  f i ve  p lan ts  had been se lec ted  f rom each row.  Tagged p lan ts  were  
used in  195ô to  s tudy  the  resu l ts  o f  the  t rea tments .  Th is  was  done be­
cause  o f  the  low in fes ta t ion  tha t  deve loped on  the  p lo ts .  Ten o f  these  
p lan ts  were  used to  eva lua te  the  var ious  t rea tments .  
In  the  tes ts  on  the  f i r s t  brood in  1956,  1957,  and  1950 and  the  
second b rood tes ts  in  195^  and  1957,  the  ten  p lan ts  f rom each p lo t  were  
d issec ted .  The to ta l  number  o f  borer  cav i t ies  and la rvae  were  recorded 
fo r  each  p lan t .  A d i f fe ren t  techn ique  was used to  de te rmine  the  e f fec t i ve ­
ness  o f  the  t rea tments  on  the  second b rood in  1955.  The  ten  p lan ts  were  
se lec ted  as  be fo re ,  bu t  ins tead  o f  d issec t ing  each  p lan t ,  the  p lan ts  were  
sp l i t  f rom the  top  o f  the  s ta lk  to  the  bo t tom.  The ear  shank  was  a lso  
sp l i t  and  examined and the  to ta l  number  o f  cav i t ies  in  the  p lan t  was  re ­
corded.  
The exper iments  were  sampled  when a  ma jo r i t y  o f  the  la rvae  were  in  
the  f i f th  ins ta r .  The f i r s t  brood exper iments  were  d issec ted  Ju ly  o ,  25 ,  
and  15  in  1956,  1957,  and  1953,  respec t i ve ly ,  whereas  the  second b rood 
p lo ts  were  d issec ted  September  14 ,  13 ,  and  ! / '  i n  195o,  1957,  and  1953,  
respec t i ve ly .  Tab les  13  th rough z4  in  the  append ix  p resent  the  resu l ts  
o f  the  s ix  exper iments .  
Insect ic ide Residues 
In  o rder  to  ga in  a  max imum amount  o f  in fo rmat ion  on  the  con t ro l  w i th  
DDT,  hep tach lo r ,  and  toxaphene the  exper iments  were  sampled  fo r  res idue  
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ana lys is .  The purposes  o f  these  ana lyses  were  two- fo ld .  One was  to  ga in  
in fo rmat ion  on  the  loca t ion  o f  the  tox ican ts  on  the  p lan ts .  The o ther  
was  to  de te rmine  the  amount  o f  tox ican t  on  the  p lan ts  a t  d i f fe ren t  in te r ­
va ls  a f te r  app l i ca t ion .  
Sampl ing  p rocedures  
F i rs t  b rood I95G.  Twenty - four  hours  a f te r  t i i e  insec t i c ides  were  
app l ied  on  June 20  and  25 ,  ten  p lan ts  in  each  p lo t  were  sampled .  T i ie  
p lan ts  wh ich  were  sampled  were  chosen in  t i i e  same manner  as  those  used to  
eva lua te  the  e f fec t i veness  o f  the  insec t i c ides  fo r  borer  con t ro l .  To  
s tudy  the  d is t r ibu t ion  o f  the  res idue ,  the  p lan ts  were  d iv ided  in  the  fo l ­
low ing  manner .  The  t ips  o f  t i i e  whor l  leaves  were  removed fo l lowed by  re ­
mova l  o f  the  whor l .  The  leaves  o f  the  s ta l l ;  were  then  cu t  about  one-ha l f  
inch  d is ta l  to  the  lea f  ax i l .  Th is  was  fo l lowed by  cu t t ing  the  s ta lk  
about  one-ha l f  to  1 i nc i i  above  the  ground.  Ana logous  por t ions  o f  the  ten  
p lan ts  in  each  p lo t  were  then  poo led  and each  sample  we ighed and f rozen .  
F igure  2  i s  a  d iagrammat ic  d rawing  wh ich  i l l us t ra tes  how the  p lan t  was  
d  i  v ided .  
On Augus t  10  and  October  2 ,  ten  p lan ts  were  aga in  taken  a t  random 
f rom each p lo t  tha t  had  been t rea ted  on  June 25 .  The  ears  were  removed,  
the  p lan ts  we ighed,  and  run  th rough a  s i lage  chopper .  A  1 -quar t  a l iquo t  
o f  the  chopped mater ia l  f rom each g roup o f  ten  p lan ts  was then  we ighed and 
f rozen .  
Second b rood  1956.  Twenty - four  hours  a f te r  the  p lo ts  were  t rea ted  
fo r  second b rood con t ro l  on  Ju ly  31  and  Augus t  10 ,  ten  p lan ts  were  taken  
Figure  2 .  D iagrammat ic  d issec t ion  o f  a  corn  p lan t  fo r  
f i r s t  brood insec t i c ide  res idue  sampl ing .  

at  random in  the  same manner  as  on  the  f i r s t  brood exper iment  and  were  
sampled  in  the  fo l low ing  way.  The  por t ion  o f  the  p lan t  be low the  ear  was  
d iscarded.  F ive  p lan ts  were  taken  and the  lea f  b lade  f rom a l te rna te  leaves  
beg inn ing  w i th  the  lea f  loca ted  a t  the  ear  node were  removed f rom about  
one-ha l f  inch  d is ta l  to  the  s ta l l ; .  The  ear  was  removed and d iscarded and 
the  husks  f rom these  f i ve  p lan ts  were  poo led  fo r  one sample .  The  a l te r ­
na te  leaves  f rom the  o ther  f i ve  p lan ts  were  removed beg inn ing  w i th  the  
lea f  b lade  immedia te ly  above  the  ear .  The a l te rna te  lea f  b lades  f rom 
t i i e  ten  p lan ts  were  poo led  as  the  second sample .  A l te rna te  in te rnodes  
f rom the  ten  p lan ts  were  a lso  sampled  to  make up  the  th i rd  sample .  Con­
sequent ly ,  the  to ta l  sample  represented  t i i e  par ts  o f  t i i e  s ta lks  above 
the  car  o f  f i ve  p lan ts .  F igure  3  i s  a  d iagrammat ic  d rawing  wh ich  i l l us ­
t ra tes  the  sampl ing  p rocedure .  
Add i t iona l  samples  were  taken  f rom the  p lo ts  t rea ted  on  Ju ly  31 ,  
Augus t  21 ,  and  October  l3 -  These samples  were  taken  to  represent  the  
ens i l i ng  and d ry  ear  harves t  da tes .  The same p rocedure  as  descr ibed  
fo r  the  f i r s t  brood was fo l lowed in  tak ing  these  samples .  
Res idue  s tud ies  1957 and  1953.  The  d is t r ibu t ion  o f  the  res idue  
on  the  p lan ts  was no t  s tud ied  fu r ther  in  1957 o r  1953.  The  purpose  o f  
t i i e  s tud ies  in  1957 and  1953 was  to  de te rmine  the  amount  o f  insec t i c ide  
a t  in te rva ls  a f te r  t rea tment .  Samples  taken  dur ing  these  years  were  ob­
ta ined  by  se lec t ing  ten  p lan ts  a t  random f rom each p lo t .  The ten  s ta lks  
were  chopped and a  1 -quar t  a l iquo t  was  taken  and f rozen .  
In  1957,  p lo ts  t rea ted  fo r  f i r s t  brood con t ro l  on  June 27  were  
sampled  June 23 ,  Ju ly  3û ,  September  3  and  24 ,  and  f i r s t  brood p lo ts  
Figure  ] .  D iayramaia t i c  d issec t ion  o f  o  corn  p lan t  fo r  
second b rood insec t i c ide  res idue  sampl ing .  
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t reated June 23 in  1933 were sampled June 24,  July 23,  and September 19.  
The second brood exper iment  was t reated August  14 in  1957 and was 
sampled for  res idues August  15,  September 1v ,  and October 19,  whi le the 
exper iment  t reated August  13 in  1953 was sampled August  19,  September !  3,  
and October 14.  
Compar ison of  sampl ing techniques.  Since two procedures were em­
ployed to determine the res idue one day af ter  t reatment ,  an exper iment  
'was conducted in  1933 to determine i f  s imi lar  resul ts  would be obta ined 
i f  both techniques wore used.  Granular  DDT was appl ied at  the rate of  1 
pound of  tox icant  or  23 pounds of  a 3 percent  granular  formulat ion per  
acre for  f i rs t -brood corn borer  contro l .  Twenty- four  hours af ter  t reat­
ment the procedure used in  1351 end that  used in  1937 and 1933 were taken 
as a compar ison.  
Chemical  Analys is  of  Residue Samples 
Af ter  the residue samples were f rozen they were sent  to  Mr.  J .  t .  
Fahey,  Pest ic ide Chemicals Research Laboratory,  Vincennes,  Indiana where 
they were analyzed.  The DDT samples were analyzed by the St i f f  Cast i l lo  
Color imetr ic  method (Fahey and Rusk 1951) .  Heptachlor  res idues were de­
termined by the Pol  en-S i  1 vern ie  n Col  or  imetr ic  technique.  Three d i f ferent  
methods were used to analyze the toxaphene.  In 193-  the samples taken 
one day af ter  t reatment were determined by the l lornste in Color imetr ic  
method whi le a l l  other  toxaphene samples taken in  19.- 'o  were analyzed by 
the tota l  chlor ine method.  In  1957 and l933,  the toxaphene samples were 
analyzed by a color imetr ic  method developed by the Hercules Powder Company.  
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DISCUSSION AND RESULTS 
Effect iveness of Various Insect ic ides for Corn Borer Control  
Toxaphene, endrin, and heptachlor were tested over the three-year 
period, 1956 to 1958. One object ive of these tests was to establ ish the 
rates of each toxicant in granular formulat ion adequate to give sat is­
factory European corn borer control .  DDT at  the recommended rate was 
included in al l  of the tests as a comparison. 
First  brood 1956 
Al l  granular formulat ions were appl ied at the rate of 20 pounds per 
acre in 1956. The insect ic ides and rates of actual toxicant per acre 
tested were as fol lows: toxaphene 1, 2, and 3 pounds ;  heptachlor 0.5, 
1.0, and 1.5 pounds ;  and endrin 0.1, 0.2, and 0.4 pound. In order to ob­
tain the desired amount of  toxicant per acre 5, 10, and 15 percent gran­
ular toxaphene, 2.5, 5.0, and 7.5 percent granular heptachlor,  and 0.5, 
1.0, and 2.0 percent granular endrin were each appl ied at the 20-pound 
rate. DDT at  1 pound per acre was included as a comparison. 
In an effort  to apply the insect ic ides at the t ime maximum control  
could be obtained, the appl icat ions were made on separate plots on two 
di f ferent dates. Observat ions on the oviposit ion, the egg hatch, and the 
percent of  plants shov/ ing evidence of leaf feeding were used to determine 
the t ime the appl icat ions should be made. The f i rst  appl icat ion was made 
on June 20 when a total  of 55 egg masses per 100 plants had been deposited 
and 38 had hatched. On the same date, 23 percent of  the plants showed 
evidence of leaf damage. On June 25 a second set of plots was t reated. 
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No addit ional new egg masses were observed between the two appl icat ion 
dates. The total  number of  hatched egg masses was 40 per 100 plants and 
33 percent of the plants showed evidence of leaf feeding. Figure 4 shows 
the f i rst  brood oviposit ion, hatched masses, and percent leaf feeding in 
relat ion to the two treatment dates. 
Due to the low f i rst  brood infestat ion in 1956, 14 plants in each 
plot treated June 20, which showed evidence of borer infestat ions, were 
tagged before the treatments were made. Ten of these plants were dis­
sected July 5 to determine the effect iveness of the various treatments. 
In the plots treated June 25, 20 plants were taken at random and dis­
sected July 6. The number of  cavit ies and larvae were recorded for each 
plant.  Table 19 presents the detai led records of the dissect ions. The 
number of  cavit ies, borers, and percent reduct ion for each treatment are 
given in table 2. 
The results of this experiment were analyzed stat ist ical ly.  An 
analysis of variance indicated that a l l  of the chemical t reatments re­
duced the populat ion signif icant ly below the populat ion in the untreated 
plots. However, there was no di f ference between the reduct ion of larvae 
and cavit ies in the DDT t reated plots and the other treated plots. Also, 
there was no di f ference between the reduct ions obtained with toxaphene, 
heptachlor,  and endrin. Further analysis of the data indicated that the 
high and medium rates of appl icat ion (0.2 and 0.4 pound endrin, 1.0 and 
1.5 pounds heptachlor,  and 2 and 3 pounds of toxaphene) were s ignif icant ly 
more effect ive than the low rates of appl icat ion (0.1 pound endrin, 0.5 
pound of heptachlor,  and 1 pound of toxaphene). 
Figure 4. Ovi pos i  t  i  on, hatched egg masses, and leaf damage in relat ion to the 
dates of appl icat ion of insect ic ides for f i rst  brood control  in 1956. 
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Table 2. Results of applying four granular insect ic ides for f i rst-brood European corn 
borer control  in 1956. 
Cavi t ies Larvae 
Percent Toxicant per 100 Percent per 100 Percent 
Insect!ci  de toxicant per acre plants reduct ion plants reduct i  
(Pounds) 
Treated June 20 
DDT 5.0 1.0 23 80.4 38 78.9 
Heptachlor 2.5 0.5 25 78.3 20 88.7 
1 1 5.0  1.0 5 95.7 5 97.2 
1 t 7 .5 1.5 3 97.8 10 94.4 
Toxaphene 5.0 1.0 13 89.1 30 83.1 
1 1 10.0 2.0 18 84.8  15 91.5 
1 1  15.0 3.0 8 93.5 8 95.8 
Endr in 0.5 0.  1 5 95.7 13 93.0 
1.0 0.2 5 95.7  13 93-0 
" 2.0 0.4 3 97.8 0 100.0 
Untreated control  115 178 
Treated June 25 
DDT 5.0 1.0 6 91.7 6 92.3 
Heptachlor 2.5  0.5 13 83.3 9 89.2 
1 1  5.0 1.0 0 100.0 3 96.9 
I  t  7.5 1.5 0 100.0 3 96.9 
Toxaphene 5.0 1.0 21 71.7 14 83.1 
I  I  10.0 2.0 lb 78.3 15 81.5 
2 1  15.0 3.0 6 91.7 9 89.2  
Endrin 0.5 0.1 13 83.3 10 87.7 
1.0 0.2 5 93-3 5 93.8 
i  ;  2.0 0.4 3 96.7 4 95.4 
Untreated control  75 81 
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Table 2 indicates there were more cavit ies and larvae in the control  
plot for the treatment June 20 than the corresponding control  plot for the 
June 25 treatment.  I t  should be pointed out that the plants dissected in 
the plots treated June 20 were al l  infested when treatments were made. 
The plants dissected in the plots treated June 25 were a random select ion 
of infested and uninfested plants. The percent reduct ion of cavit ies and 
larvae, based on the number of  cavit ies and larvae in the respect ive un­
treated control  plots,  are approximately equal for the two treatment dates 
However, there is a trend for s l ight ly better control  with DDT when t reat­
ments were appl ied June 25. 
Second brood 1956 
The same toxicants and rates of appl icat ion as were tested on the 
f i rst  brood in 1956 were also tested on the second brood the same year.  
Again, the insect ic ides were appl ied to separate plots on two di f ferent 
dates in an effort  to apply the materials when maximum control  would be 
obtained. The f i rst  treatments were appl ied on July 31 when there had 
been a total  of 28 egg masses deposited per 100 plants of which 12 had 
hatched. A second set of plots was t reated August 7 when the total  egg 
mass count was 51 per 100 plants of which 36 had hatched. The second 
brood ovipos i  t ion and hatched masses in relat ion to the two treatment 
dates is shown in f igure 5. 
Ten plants were taken at random from each plot and dissected 
September 14 to determine the effect iveness of the treatments. Table 20 
presents the detai led results of this experiment.  The number of  cavit ies 
and larvae per 100 plants and the percent reduct ion are given in table 3» 
Figure U. Oviposi t  ion and hatched egg masses in  re lat ion to the dates of  appl icat ion 
of  insect ic ides for  second brood contro l  in  IDiK.  
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Table 3« Results from applying four granular insect ic ides for second-brood European 
corn borer control  in 1956. 
Insect ic ide 
Percent 
toxi  cant 
Toxicant 
per acre 
Treated July 31 
DDT 
Heptachlor 
Toxaphene 
i  i  
Endrin 
1  i  
I  .  
Untreated control  
5.0 
2.5 
5.0 
7.5 
5.0 
1 0 . 0  
1 5 . 0  
0.5 
1 . 0  
2 . 0  
(Pounds) 
1 . 0  
0.5 
1 . 0  
1.5 
1 . 0  
2 . 0  
3.0 
0.  1 
0 . 2  
0.4 
Cavit ies 
per 100 
plants 
Percent 
reduct ion 
Larvae 
per 100 
p1 ants 
63 
65 
73 
108 
88 
95 
100 
88 
68 
60 
250 
75.0 
74.0 
69 .0  
57.0  
65.0 
6 2 . 0  
60.0 
65.0 
73.0  
76.0 
65 
78 
98 
118 
93 
113 
100 
93 
73 
65 
258 
Percent 
reduct ion 
74.8 
69.9 
62. 1 
54.4 
64.1 
56.3  
61.2  
64.1 
69.9  
74.8 VJ VI  
Treated August 7 
DDT 
Heptach1 or 
Toxaphene 
i  ;  
11 
Endrin 
Untreated control  
5.0 
2.5 
5.0 
7.5 
5.0 
1 0 . 0  
1 5 . 0  
0.5 
1 . 0  
2 . 0  
1 . 0  
0.5 
1 . 0  
0.  1 
0 . 2  
0.4 
118 
83 
30 
55 
118 
70 
65 
93 
123 
38 
265 
55.7 
68.9  
88 .7  
79.2 
58.5  
73 .6  
75.5 
65.1  
53.8 
85 .8  
113 
115 
43 
60 
135 
98 
83  
110 
110 
48 
270 
59.4  
58 .5  
84.7 
78.4 
51.3 
64,9  
70.3 
60.4 
60.4 
82.9  
36 
The resul ts  of  an analys is  of  var iance were s imi lar  to those ob­
ta ined on the f i rs t  brood.  The borer  populat ion in  the untreated p lots 
was s igni f icant ly  h igher than the populat ion in  t reated p lots.  There was 
no s igni f icant  d i f ference between the borer  reduct ions obta ined wi th DDT, 
toxaphene,  heptachlor ,  and endr in.  The h igh and medium rates (0.2 and 
0.4 pound of  endr in,  1.0 and 1.5 pounds of  heptachlor ,  and 2 and 3 pounds 
of  toxaphene) gave s igni f icant ly  greater  borer  reduct ions than the low 
rates (0.1 pound of  endr in,  0.5 pound heptachlor ,  and 1 pound of  toxa­
phene).  However,  in  the over-a l l  analys is ,  a s igni f icant  t ime-by-rate of  
appl icat ion showed there was l i t t le  di f ference between the ef fect iveness 
of  the three rates when appl ied July 31• The d i f ference between the 
ef fect iveness of  the rates of  appl icat ion was not  not iceable on July 31.  
As seen in  table 3,  greater  reduct ions were obta ined f rom t reatments 
appl ied on August  7 than f rom t reatments appl ied on July 31.  One notable 
except ion was the contro l  obta ined wi th DDT. Appl icat ion of  DDT on July 31 
gave 75 percent  reduct ion of  the borer  populat ion whereas the same t reat­
ment on August  7 gave only 55.7 percent  reduct ion.  
F i rs t  brood 1957 
In an exper iment  on the f i rs t  brood in  1957 granular  toxaphene,  
endr in,  and heptachlor  were again compared wi th granular  DDT. Some of  the 
rates tested were changed f rom the 1956 rates.  There was only a smal l  d i f ­
ference between the ef fect iveness of  2 and 3 pounds of  toxaphene per  acre 
in  1956.  Based on the 1956 resul ts  the adequate rate of  toxaphene per  
acre was considered to be between 1 and 2 pounds.  Therefore,  in  1957 the 
rates of  toxaphene tested were 0.5,  1.0,  1.5,  and 2.0 pounds per  acre.  
Also the rate of  appl icat ion of  granular  DDT was changed in  1957 to 0.6 
pound of  actual  DDT obta ined by apply ing 12 pounds of  a 5 percent  granular  
formulat ion,  which was the recommendat ion for  that  year.  Endr in was 
appl ied at  the rates of  0.1,  0.2,  and 0.5 pound per  acre.  As in  1956,  
heptachlor  was appl ied at  the rates of  0.5,  1.0,  and 1.5 pounds per  acre.  
With the except ion of  DDT a l l  granular  formulat ions were appl ied at  the 
rate of  20 pounds per  acre.  
Unl ike the two previous exper iments,  the t reatments were appl ied on 
only one date in  the f i rs t  brood test  in  1957.  The insect ic ides were 
appl ied on June 27 when approximately 310 egg masses had accumulated of  
which 170 had hatched.  Also on that  date 44 percent  of  the p lants showed 
evidence of  leaf  feeding.  F igure 6 shows the re lat ionship between the 
ov iposi t  ion,  hatched egg masses,  leaf  feeding,  and the appl icat ion date.  
I t  should be noted that  the in festat ion was much greater  than in  1956.  
Ten p lants f rom each p lot  were d issected on July 24 to determine the 
ef fect iveness of  the t reatments.  Table 21 presents the actual  number o f  
cavi t ies and larvae found in  a l l  four  repl icates.  A summary o f  the ex­
per iment  and the percent  reduct ions of  cavi t ies and borers wi th the var­
ious t reatments is  g iven in  table 4.  
An analys is  of  var iance on the borer  data showed a s igni f icant  d i f ­
ference between the t reated and untreated p lots.  Also,  endr in,  heptachlor ,  
and toxaphene were s igni f icant ly  bet ter  than DDT. Granular  DDT gave only 
42.6 percent  borer  reduct ion whereas the least  reduct ion wi th any of  the 
other  t reatments was 65.3 percent .  I t  should be emphasized that  DDT was 
appl ied at  0.6 pound per  acre in  th is  exper iment .  In  the two previous 
Figure 6.  Oviposi t  ion,  hatched egg masses,  and percent  leaf  feeding in  
re lat ion to the dates of  appl icat ion of  insect ic ides for  f i rs t  
brood contro l  in  1957.  
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Table 4.  Resul ts  f rom apply ing four  granular  insect ic ides for  f i rs t -brood European corn 
borer  contro l  in  1957.  
Cavi t ies Larvae 
Percent  Toxi  cant  per  100 Percent  per  100 Percent  
1nsect i  c i  de tox i  cant  per  acre p lants reduct i  on p I  ants reduct ic  
(Pounds) 
Treated June 27 
DDT 5.0 0.  6 135 57.8 145 42.6 
Heptachlor  2.5 0.5 75 76.6 58 77.2 
11 5 .0 1.0 23 92.8 18 93.1 
i i  7 .5 1.5 13 95.9  13 95.0 
Toxaphene 2.5 0.5 108 66.  3  88 65.3 
1 1 5 .0 1.0 100 68.8  88 65.3  
i  !  7.5 1.5 55 82.8  45 82.  2 
1 1  10.0 2.0 63 80.3  65 74.3 
Endr in 0.5 0 .  1  93 70.9 70 72.3 
1  I  1.0 0.2 65 79.7 73 7 1 . 3  
1  1  2.5 0.5 53 83.4  50 80.2 
Untreated contro l  320 253 
40 
exper iments DDT a t  1 pound per  acre was equal ly  as ef fect ive as the other  
mater ia ls .  Fur ther  analys is  of  the data showed a s igni f icant  d i f ference 
between the rates of  appl icat ion of  heptachlor  and endr in,  but  no d i f ­
ference between the rates of  toxaphene.  Al though the d i f ference in borer  
reduct ion wi th the four  rates of  toxaphene was not  s igni f icant ,  there was 
a  de f in i te  t rend  toward  be t te r  con t ro l  w i th  the  1 .5  and 2 .0  pound ra tes  
than wi th the 0.5 and 1.0 pound rates.  There was actual ly  very l i t t le  
di f ference between the 1.0 and 1.5 pound rates of  heptachlor ,  but  the 
b ig d i f ference was between the 0.5 and 1.0 pound rates.  Based on the 
number o f  borers,  endr in at  0.1 and 0.2 pound per  acre was equal ly  ef fec­
t ive and the 0.5 pound rate was super ior .  However,  there was very l i t t le  
di f ference between the ef fect iveness of  the 0.2 and 0.5 pound rates of  
endr in when the cavi ty  reduct ions are considered.  
Second brood 1957 
The same rates of  endr in,  heptachlor ,  and toxaphene as were tested in  
the f i rs t  brood test  in  1957 were a lso tested on the second brood in  1957.  
As was pointed out  previously in  the f i rs t  brood exper iment  in  1957,  DDT 
a t  0.6 pound per  acre was insuf f ic ient  to g ive sat is factory borer  contro l .  
Therefore,  in  the second brood test  in  1957 the DDT, as a compar ison,  was 
increased to the 1 pound rate as in  1956.  
The insect ic ides were again appl ied to separate sets of  p lots on two 
dates in  an ef for t  to obta in maximum contro l .  One set  of  p lots was t reated 
August  7.  On that  date a tota l  of  135 egg masses had been deposi ted per  
100 p lants of  which 45 had hatched.  A second set  of  p lots was t reated on 
41 
August  14 when 265 egg masses had been deposi ted of  which 115 had hatched.  
The last  new egg masses were found on August  19 a t  which t ime a tota l  of  
280 egg masses per  100 p lants had been deposi ted.  F igure 7 i l lust rates the 
oviposi  t ion and egg hatch in  re lat ion to the dates the insect ic ides were 
appl ied.  Simi lar  to  the f i rs t  brood in festat ion,  the second brood in festa­
t ion in  1957 was much heavier  than the corresponding in festat ion in 1956.  
On September 13 ten p lants were taken at  random f rom each p lot  and 
d issected.  The data for  th is  exper iment  are presented in  table 22 and 
summarized fur ther  in  table 5 which a lso g ives the percent  reduct ions for  
the var ious t reatments.  
An analys is  of  var iance on the borer  data showed there was a s igni f ­
icant  d i f ference between the ef fect iveness of  the insect ic ides.  Also 
there was a s igni f icant  d i f ference between the borer  reduct ions obta ined 
f rom the two dates of  appl icat ion.  Further  analys is  gave a s igni f icant  
t reatment  by date of  appl icat ion interact ion.  Endr in,  heptachlor ,  and 
toxaphene gave the greatest  larval  and cavi ty  reduct ions when t reatments 
were made August  7-  The DOT t reatments on August  7 and 14 gave borer  re­
duct ions of  53-4 and 57.9 percent ,  respect ive ly .  
Endr in at  0.1,  0.2,  and 0.5 pound per  acre,  appl ied on August  7,  gave 
borer  reduct ions of  66.9,  80.9,  and 84.0 percent ,  respect ive ly .  Borer  re­
duct ions of  56.0,  59.3,  and 64.4 percent  were obta ined wi th 0.5,  1.0,  and 
1.5 pounds of  heptachlor  appl ied on August  7.  Appl icat ions of  toxaphene 
of  0 .5 ,  1.0,  1.5,  and 2.0 pounds on the same date gave 42.0,  50.4,  57.8,  
and 52.2 percent  reduct ion,  respect ive ly .  I t  is  possib le that  greater  re­
duct ions would have been obta ined i f  the insect ic ides had been appl ied at  
Figure 7.  Oviposi t  ion and hatched egg masses in  re lat ion to the dates of  appl icat ion 
of  insect ic ides for  second brood contro l  in  1957.  
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Table 5.  Resul ts  f rom apply ing four  granular  insect ic ides for  second-brood European 
corn borer  contro l  in  1957.  
Insect  i  c i  de 
Percent  
tox icant  
Toxi  cant  
per  acre 
Cavi  t ies 
per 100 
p lants 
Percent  
reduct ion 
Larvae 
per  100 
p lants 
Percent  
reduct  ion 
Treated August  7 
DDT 
Heptachlor  
Toxaphene 
Endr in 
Untreated contro l  
Treated August  14 
DDT 
Heptachlor  
Toxaphene 
I  I  
I  I  
i  I  
Endr in 
I  1 
i  I  
Untreated contro l  
5.0 
2.5 
5.0 
7.5 
2.5 
5.0 
7.5 
1 0 . 0  
0.5 
1 . 0  
2.5 
5.0 
2.5 
5.0 
7.5 
2.5 
5.0 
7.5 
1 0 . 0  
0.5 
1 . 0  
2.5 
(Pounds) 
1 . 0  
0.5 
1 . 0  
1.5 
0.5 
1 . 0  
1.5 
2 . 0  
0.1 
0 . 2  
0.5 
1 . 0  
0.5 
1 . 0  
1.5 
0.5 
1 . 0  
1.5 
2 . 0  
0.1 
0 . 2  
0.5 
243 
200 
170 
148 
278 
235 
235 
215 
143 
90 
68 
458 
195 
325 
273 
230 
263 
233 
350 
210  
255 
198 
290 
388 
46.9 
56.3 
62.9 
67.7 
39.3 
48.7 
48.7 
53.1 
68.8 
80. 3 
8 5 . 2  
49-7 
16.2  
29.6 
40.7 
3 2 . 2  
39.9 
9.8  
45.9 
34.3 
49.0 
25.3 
183 
173 
160 
140 
228 
195 
205 
108 
130 
75 
63 
393 
143 
255 
205 
208 
210 
225 
275 
178 
178 
175 
288 
340 
53.4 
56.0 
59-3 
64.4 
42.0 
50.4 
47.8 
52.2 
66.9 
80.9 
84.0 
57.9 
25.0  
39.7 
38.3  
38 .2  
33.8  
19.1 
47.6 
47.6 
48.5 
15.3 
45 
an ear ]1er  date.  
F i rs t  brood 1958 
Based on the resul ts  obta ined in  1956 and 1957,  the fo l lowing ranges 
in  the rate of  appl icat ion per acre inc lude the necessary amount  o f  tox i ­
cant  to  g ive borer  contro l  comparable to  1 pound of  DDT :  heptachlor  0.5 
to 1.0 pound,  toxaphene 1 to  2 pounds,  and endr in 0.125 to 0.5 pound.  
Therefore,  in  a test  on the f i rs t  brood in festat ion in 1958,  granular  
heptachlor  a t  0.5,  0.75,  and 1.0 pound,  toxaphene at  1.0,  1.5,  and 2.0 
pounds,  and endr in at  0.125,  0.25,  and 0.5 pound of  actual  tox icant  per  
acre were compared wi th DDT a t  1 pound.  To obta in these rates,  2.5,  3.75,  
and 5.0 percent  granular  formulat ions of  heptachlor ,  5 .0,  7-5,  and 10.0 
percent  granular  formulat ions of  toxaphene,  and 5 percent  granular  DDT 
were a l l  appl ied at  the rate of  20 pounds per  acre.  Granular  formulat ion 
of  endr in conta in ing 1 and 2 percent  actual  tox icant  were appl ied at  
12.5 pounds and a 5 percent  granular  formulat ion of  endr in was appl ied at  
the rate of  10 pounds per  acre.  
The insect ic ides were appl ied to one set  of  p lots on June 23 when a 
to ta l  of  43 egg masses had been found per  100 p lants and 30 had hatched.  
Thi r ty-e ight  percent  of  the p lants showed evidence of  leaf  feeding on that  
date.  A second set  of  p lots received the same t reatments on July 2.  On 
Ju ly  2,  a to ta l  of  68 egg masses per  100 p lants had accumulated of  which 
48 had hatched and 55 percent  of  the p lants showed evidence of  leaf  feed­
ing.  The ov iposi t  ion,  hatched egg masses,  and leaf  feeding in  re lat ion to 
the t reatment  dates are shown in  f igure 8.  I t  should be not iced that  the 
in festat ion was considerably l ighter  than in  1957.  
Figure 8.  Ovi  pos i  t ion,  hatched egg masses,  and percent  leaf  feeding in  re lat ion to 
the dates of  appl icat ion of  insect ic ides for  f i rs t  brood contro l  in  1953.  
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The var ious t reatments were evaluated by d issect ing ten p lants f rom 
each p lot  on July 21.  Table 23 presents the data for  th is  exper iment  and 
table 6 shows the number o f  larvae and cavi t ies per 100 p lants and the 
percent  reduct ions obta ined for  the var ious t reatments.  
I t  is  evident  that  the greatest  cavi ty  and larval  reduct ions re­
sul ted f rom the ear l ier  t reatments appl ied on June 23.  An analys is  of  
var iance on the borer  data fa i led to show any s igni f icant  d i f ferences be­
tween the tox icants or  rates of  appl icat ion.  Sat is factory contro l  was ob­
ta ined wi th a l l  of  the t reatments appl ied on June 23.  The borer  reduc­
t ions range only f rom 91.7 to 97-2 percent  on the p lots t reated June 23.  
I t  should be pointed out  that  the percent  reduct ions can be a l i t ­
t le  mis leading.  The untreated contro l  p lots represent ing the t reatment  
made on July 2 had 28 larvae per 100 p lants whereas the contro l  p lots 
for  June 23 t reatments had 90 larvae.  Since the percent  reduct ions are 
based on the number o f  borers in  the untreated contro l  p lots,  the p lots 
t reated wi th 0.25 pound endr in on June 23 and July 2 each had e ight  lar ­
vae per  100 p lants.  However,  due to the d i f ferences in  the number o f  
borers in  the untreated p lots,  the percent  reduct ions were 91.7 and 72.7 
for  the June 23 and July 2 t reatments,  respect ive ly .  
Second brood 1958 
The same exper iment  as was carr ied out  on the f i rs t  brood in festa­
t ion was a lso conducted on the second brood in festat ion in  1958.  S imi lar  
to a l l  the previously d iscussed exper iments,  wi th the except ion of  the 
f i rs t  brood test  in  1957,  the insect ic ides were appl ied on two dates.  
One set  of  p lots was t reated on August  7 when there had been a to ta l  of  
Table 6.  Resul ts  f rom apply ing four  granular  insect ic ides for  f i rs t -brood European 
corn borer  contro l  in  1958.  
Cavi t  ies Larvae 
Percent  Toxicant  per  100 Percent  per  100 Percent  
Insect ic ide tox icant  per  acre p lants reduct ion p lants reduct ion 
(Pounds) 
Treated June 23 
DDT 5.0 1.0 3 97.6 3 97.2  
Heptachl  or  2.5 0.5 5 95.2 3 97.2 
3.75 0.75 8 92.9 8 91.7 
5.0 1.0 5 95.2 5 94.4 
Toxaphene 5-0 1.0 8 92.9 5 94.4 
I  i  7 .5 1.5 8 92.9 5 94.4 
10.0 2.0 8 92.9 5 94.4 
Endr in 1.0 0.125 8 92.9 8 91.7 
1 1  2.0 0.25 5 95.2 8 91.7 
5.0 0.5 10 90.5 3 97.2 
Untreated contro l  10.5 90 
Treated July 2 
DDT 5.0 1.0 28 54.2 13 54.5 
Heptachlor  2.5 0.5  30 50.0 15 45.5 
3.75 0.75 25 58.3 13 54.5 
5.0 1.0 20 66.7 8 72.7 
Toxaphene 5.0  1.0 38 37.5  13 54.5 
7.5 1.5 18 70.8 8 72.7 
1 1  10.0 2.0 38 37.5 20 27-3 
Endr in 1.0 0.125 50 16.7 28 0 
2.0 0.25 50 16.7 8 72.7 
5.0 0.5 33 45.8 8 72.7 
Untreated contro l  60 28 
1 1 
50 
ten egg masses deposi ted per  100 p lants of  which e ight  had hatched.  A 
second set  of  p lots was t reated August  18 at  which t ime 78 egg masses had 
accumulated and 43 had hatched.  F igure 9 shows the re lat ionship between 
the ov iposi t  ion,  egg hatch,  and the t reatment  dates.  
The ef fect iveness of  the var ious tox icants and rates was evaluated 
on September 26.  In  a l l  of  the previous exper iments ten p lants were d is­
sected f rom each exper imental  p lot .  In th is  exper iment  a d i f ferent  tech­
nique,  which is  much s impler  and faster ,  was used to evaluate the t reat­
ments.  Ten p lants were taken at  random as before.  The ears were removed 
and the shank was s l i t  lengthwise.  Next  the p lant  was s l i t  f rom the top 
to the level  of  the ground.  Only the number o f  cavi t ies for  each p lant  
was recorded.  The number o f  cavi t ies for  each p lot  is  g iven in  table 24.  
The resul ts  of  the exper iment  are summarized fur ther  in  table 7.  
An analys is  of  var iance indicated that  the number o f  cavi t ies in  the 
untreated contro l  p lots was s igni f icant ly  h igher than the cavi t ies in  the 
t reated p lots.  Further  analys is  of  the data fa i led to show any s igni f i ­
cant  d i f ference between the t reated p lots.  However,  there was a numer ical  
d i f ference between the cavi ty  reduct ions obta ined on August  7 and August  
17 wi th the DDT and toxaphene t reatments.  Toxaphene and DDT gave 
s l ight ly  greater  cavi ty  reduct ions when t reatments were made August  7.  
The percent  reduct ion of  the cavi t ies f rom t reatments appl ied August  7 ,  
when the best  over-a l l  contro l  was obta ined,  ranged f rom 64.5 to 78.5 per­
cent .  On that  date there was very l i t t le  evidence that  the rates of  ap­
p l icat ion had any af fect  on the percent  reduct ions.  A l l  o f  the rates 
appeared to be approximately equal  in  ef fect iveness.  
Figure 9.  Oviposi t  ion and hatched egg masses in  re lat ion to the date of  
appl icat ion for  second brood contro l  in  1958.  
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Table 7.  Resul ts  f rom apply ing four  granular  insect ic ides for  second-
brood European corn borer  cont ro l  in  1953.  
Cavi  t ies  
Percent  Tox icant  per  1 0 0  Percent  
Insect ic ide tox icant  per  acre p lants  reduct ion 
(Pounds)  
Treated August  7  
DDT 5 . 0  1 . 0  6 3  7 3 . 1  
Heptachlor  2 . 5  0 . 5  5 5  7 6 . 3  
I  1 3 . 7 5  0 . 7 5  6 5  7 2 . 0  
i  i  5 . 0  1 . 0  5 0  7 8 . 5  
Toxaphene 5 . 0  1 . 0  7 3  6 8 . 8  
i  :  7 . 5  1 . 5  08 7 1 . 0  
I  !  1 0 . 0  2 . 0  S O  7 4 . 2  
Endr in  1. 0  0 . 1 2 5  5 5  7 6 . 3  
1  t  2 . 0  0 . 2 5  8 3  6 4 . 5  
1  1  5 . 0  0 . 5  5 0  7 8 . 5  
Untreated cont ro l  2 3 3  
Treated August  1 8  
DDT 5 . 0  1 . 0  1 3 3  4 8 . 5  
Heptachlor  2 . 5  0 . 5  5 8  7 7 . 7  
11  3 . 7 5  0 . 7 5  7 3  7 1 . 8  
" 5 . 0  1 . 0  3 8  8 5 . 4  
Toxaphene 5 . 0  1 . 0  1 3 0  4 9 . 5  
I  '  7 . 5  1 . 5  7 3  7 1 . 8  
i  I  1 0 . 0  2 . 0  1 1 3  5 6 . 3  
Endr in  1 . 0  0 . 1 2 5  7 3  7 1 . 8  
t  1  2 . 0  0 . 2 5  7 3  6 9 . 9  
1J  5 . 0  0 . 5  8 5  6 7 . 0  
Untreated cont ro l  2 5 8  
Relat ionship between the Number o f  Cavi t ies  and Larvae 
When the exper iments  on the f i rs t  brood in  195b,  1957,  and 1958 and 
the second brood in  1956 and 1957 were d issected,  records were taken on 
the number  o f  cav i t ies  and larvae on a p lant  bas is .  Tables 2 through b 
show a c lose re la t ionship between the number  o f  cav i t ies  and larvae in  
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these exper iments .  
Corre la t ion coef f ic ients  ( r )  were ca lcu la ted to  determine the degree 
o f  re la t ionship between the cav i t ies  and larvae for  each exper iment .  The 
r  va lues obta ined for  the f i rs t  broods were as fo l lows:  1956 r  = .970 
wi th  20 degrees o f  f reedom, 1957 r  = .982 wi th  10 degrees o f  f reedom, and 
in  1958 r  = .886 wi th  20 degrees o f  f reedom. For  the second brood the 
corre la t ion coef f ic ients  were .984 wi th  20 degrees o f  f reedom and .971 
wi th  22 degrees o f  f reedom for  1956 and 1957,  respect ive ly .  A l l  o f  the 
corre la t ion coef f ic ients  are s ign i f icant  a t  the 1 percent  probabi l i ty  
leve l .  Any va lues larger  than .708,  .537,  and .515 are s ign i f icant  a t  the 
1 percent  leve l  w i th  10,  20,  and 22 degrees o f  f reedom, respect ive ly .  
The h igh corre la t ion between the number  o f  cav i t ies  and larvae jus t i ­
f ies  the procedure used on the second brood exper iment  in  1958.  In  th is  
exper iment  ten p lants  were sp l i t  and on ly  the cav i t ies  were counted.  
Residue Stud ies 
The second ob ject ive o f  th is  s tudy was to  determine i f  the insect i ­
c ide res idues on corn p lants  t reated for  European corn borer  cont ro l  were 
wi th in  the estab l ished res idue to lerances.  At  the present  t ime,  the res­
idue to lerances as estab l ished by the Food and Drug Admin is t ra t ion^ for  
DDT,  heptachlor ,  and toxaphene are as fo l lows:  DDT,  7  p .p .m.  in  or  on 
the fa t  o f  meat  f rom cat t le ,  sheep,  and hogs and no to lerance was request ­
ed for  DDT res idue on corn s tover  as i t  does not  enter  in to  in ters ta te  
1U. S.  Code,  1955,  T i t le  21,  Par t  120.  1958.  
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commerce;  toxaphene,  7 p .p .m.  on corn s tover ,  and 7 p .p .m.  in  or  on the 
fa t  o f  meat  f rom cat t le ,  goats ,  and sheep ;  and heptachlor ,  0 .1  p .p.m.  on 
corn.  
F i  rs t  brood 1956 
The f i rs t  samples to  determine the amount  o f  insect ic ide on corn 
p lants  were taken one day a f ter  granular  formulat ions o f  DDT,  heptachlor ,  
and toxaphene were appl ied in  tests  against  a f i rs t  brood in festat ion.  
P lo ts  t reated June 20 and 25 were sampled on June 21 and 26,  respect ive ly .  
When the samples were taken on both June 21 and 2o they were co l ­
lected so that  the d is t r ibut ion of  the insect ic ide on the p lant  could be 
s tud ied.  The p lants  were d iv ided in to  the fo l lowing four  par ts :  (1)  
the whor l  leaves,  (2)  the whor ls ,  (3)  s ta lk  leaves,  and (4)  the s ta lks  
and leaf  ax i ls .  F igure 2 is  a d iagrammat ic  i l lus t ra t ion of  the corn p lant  
which s hows the four  p lant  par ts .  Ten p lants  f rom each p lo t  were chosen 
a t  random and the representat ive par ts  were pooled to  make up the samples.  
Each t reatment  in  each o f  four  rep l icates was sampled.  
Table 25 g ives the resu l ts  o f  each chemica l  analys is  for  the samples 
co l lec ted June 21 and 26.  The res idue in  par ts  per  mi l l ion on the whole 
p lant  was ca lcu la ted by summing the weights  and the actua l  res idue content  
o f  the four  par ts .  From these to ta ls  the average res idue per  p lant  was 
ca lcu la ted.  
On August  10 and October  2 the p lo ts  t reated June 25 were sampled 
again.  The f i rs t  date would correspond to  the t ime corn would be chopped 
for  ens i lage and the second date the date o f  the ear  corn harvest .  On 
both o f  these sampl ing dates,  ten p lants  were taken a t  random in  each p lo t  
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the ears were husked out ,  and the s ta lks  were chopped in  a smal l  s ta lk  
chopper  and quar t  samples were taken for  analys is .  The resu l ts  o f  the 
chemica l  analyses are g iven in  Table 26.  
Table 3  presents  a summary o f  the d is t r ibut ion and the amount  o f  in­
sect ic ide found on the three dates a f ter  t reatment .  The greatest  res i ­
due deposi ts  were found in  the whor l ,  s ta lk ,  and ax i l  samples.  The whor l  
sample was found to  have the heav iest  deposi t .  Th is  d is t r ibut ion of  the 
insect ic ide res idues on the p lant  was s imi lar  to  that  repor ted by Cox 
et_ a j_ .  (  1956a)  (193 'ob)  and Fa hey e_t  ah  (1956) .  
There was very  l i t t le  d i f ference in  the amount  o f  heptachlor  res idue 
on p lants  t reated on June 20 wi th  0 .5 ,  1 .0 ,  and 1.5 pounds per  acre.  How­
ever ,  the analys is  o f  the samples taken f rom the heptachlor  t reatments  
appl ied on June 25 and the toxaphene t reatments  made on both June 20 and 
25 showed a greater  amount  o f  res idue for  each increased leve l  o f  appl ica­
t ion.  Residues on p lants  one day a f ter  t reatment  w i th  I  pound o f  DDT 
were qu i te  s imi lar  in  magni tude to  res idues on p lants  t reated wi th  1 pound 
o f  heptachlor  or  toxaphene.  
When sampled a t  normal  ens i l ing matur i ty  (August  10) ,  the heptachlor  
t reated p lo ts  which had f rom 5.1 to  24.4 p.p.m.  on June 25 a l l  had less 
than 0.1 p.p.m.  res idue.  There was on ly  0 . /  p.p.m. DDT on th is  date a f ter  
an in i t ia l  res idue o f  6 .9  p .p .m. ,  whereas 2 .35 p.p.m.  toxaphene res idue 
was found on the p lants  which had 37-3 p .p.m.  on June 26.  
Residue samples taken a t  harvest  t ime (October  2)  showed that  the DDT 
and heptachlor  t reated p lo ts  had essent ia l ly  the same res idue as the sam­
p les taken on August  10.  The toxaphene res idue was approx imate ly  tw ice as 
Table 8 .  Insect ic ide res idues fo l lowing insect ic ide appl icat ions for  f i rs t -brood 
European corn borer  cont ro l ,  195b.  
Par ts  per  mi l l ion 
Rate Whor l  Sta lk  Sta lk  and Tota 1  Harvest  
Insect ic ide per  acre 1  eaves Whor l  1  eaves ax i  1  p lant  Ensi1 aqe s tover  
(Pounds)  
Treated June 2 0  Sampled June 2 1  
DDT 1 . 0  1 . 0  2 7 . 0  0 . 7  8 . 2  8 . 7  
Heptachlor  0 . 5  0 . 8  4 2 . 0  0 .2  6 . 3  9 . 9  ;  i  1 . 0  1 . 6  3 5 . 4  0 . 3  9 .6  1 0 . 5  
1 1  1 . 5  1 . 5  4 2 . 3  2 . 4  8 .2  13.3 
Toxaphene 1 . 0  8 . 4  3 9 .  u  2 . 7  9 . 0  1 2 . 4  1  I  2 . 0  1 4 . 5  65.8 3 . 5  3 1 . 3  3 1 . 2  
i  I  3 - 0  1 4 . 0  1 3 7 . 0  4 .  7  46.0 47.8 
Treated June 
Sampled Samp 1 ed 
2 5  Sampled June 2b August  1 0  October  2  
DDT 1 . 0  0 . 2  3 3 . 1  0 . 5  7 . 4  6 .9  0 .  7  0 . 7  
Heptachlor  0 . 5  0 . 1  1 9 . 9  0 . 1  1 . 3  5 . 1  0 .  1  0 .  1  I  i  1 . 0  0 . 1  4 9 . 4  0 . 1  1 . 1  5 .8  0 .  1  0 .  1  
t  1  1 . 5  0 . 1  9 2 . 4  0 .  1  1 9 . 1  2 4 . 4  0 .  1  0 .  1  
Toxaphene 1 . 0  7 . 0  4 4 . 0  3 . 8  5 .6  1 0 . 5  0 .  5 4  1 . 1 3  I  t  2 . 0  8 .6  1 6 4 . 3  7 . 1  1 3 . 9  35.5 1 .  2 4  2.78 i  «  3 . 0  1 8 . 8  2 0 2 . 5  1 7 . 9  7 . 2  37.3 2 .  3 3  4 .54 
high on October  2 as on the ens i l ing date (August  10) .  Th is  apparent  in ­
crease in  the toxaphene res idue might  be expla ined by the d i f ference in  
the mois ture content  o f  the p lant .  On August  10 the corn p lants  s t i l l  
conta ined a re la t ive ly  h igh amount  o f  mois ture,  whereas the corn p lants  
were cons iderably  dr ier  on October  2  when the las t  samples were taken.  
Th is  would,  o f  course,  resu l t  in  a h igher  percentage o f  toxaphene by 
weight .  A lso,  a t  ens i l ing t ime (August  10)  the leaves were s t i l l  on the 
corn p lants  and added to  the sample weight ,  but  on October  2  many o f  the 
leaves which in i t ia l ly  had lower  toxaphene res idue were broken o f f  by 
the wind.  Th is  resu l ted in  the sample ar is ing large ly  f rom the s ta lks  
and ax i ls ,  which had in i t ia l  h igh res idue,  as the main por t ions o f  the 
sample.  Th is  same exp lanat ion is  t rue for  samples taken f rom the DDT and 
heptachlor  t reated p lo ts .  On a  dry  weight  bas is  there would be less DDT 
and heptachlor  on October  2  than August  10.  
Second brood 1956 
The d is t r ibut ion of  the res idue one day a f ter  t reatment  and the 
amount  o f  insect ic ide remain ing a t  ens i l ing and harvest  t ime were a lso 
s tud ied for  second brood.  P lo ts  t reated Ju ly  31 and August  7 were sampled 
on August  1 and 3 ,  respect ive ly .  In  addi t ion to  the sample taken on 
August  1 ,  the p lo ts  t reated Ju ly  31 were sampled again on August  21 and 
October  13.  
In  the res idue samples taken on August  1 and 8 ,  the por t ion of  the 
p lants  above the ear  was d iv ided in to  three par ts  :  (1)  the leaves,  (2)  
the husks,  and (3)  the s ta lk  and ax i ls .  The d iagrammat ic  drawing o f  the 
corn p lant  in  f igure 3 i l lus t ra tes how the p lants  were d iv ided.  Table 27 
presents  the resu l ts  o f  the ind iv idual  analyses.  In  th is  sampl ing the 
por t ion of  the p lants  below the ear  was not  inc luded.  I t  is  l ike ly  that  
the average res idues for  the ent i re  p lant  would be d i f ferent  f rom the av­
erage res idue for  that  por t ion of  the p lant  above the ear .  S ince the 
granules are re leased f rom the appl icator  above the p lant ,  the upper  por­
t ion of  the p lant  would probably  have the greatest  res idue deposi t .  
The sampl ing procedure fo l lowed on August  21 and October  13 was the 
same as that  used on August  10 and October  2 in  the f i rs t  brood res idue 
s tudy.  The resu l ts  o f  the chemica l  analyses for  the samples taken a t  en­
s i l ing and harvest  t ime are g iven in  tab le  28.  
As tab le  9 shows,  the largest  deposi t  o f  heptachlor  res idue one day 
a f ter  appl icat ion on Ju ly  31 was on the s ta lk  and ax i l  areas whereas the 
greatest  toxaphene res idue was on the husks.  A l though toxaphene was ap­
p l ied at  twice the ra te  o f  heptachlor ,  the amount  o f  tox icant  on the s ta l l  
and ax i l  area o f  p lants  t reated wi th  the two insect ic ides was approx i ­
mate ly  equal .  The greatest  res idue deposi t  on the p lants  t reated August  
7  was again found on the s ta lk  and ax i l  area.  P lants  t reated wi th  tox­
aphene on the same date had approx imate ly  the same amount  o f  tox icant  on 
the husks and on the s ta lks  and ax i ls .  The toxaphene res idue on the 
leaves was on ly  s l ight ly  less than that  found on the husks,  s ta lks ,  and 
ax i1s.  
When p lants  t reated wi th  equal  ra tes o f  DDT,  heptachlor ,  and toxa­
phene were sampled,  the DDT and heptachlor  res idue above the ear  was ap­
prox imate ly  equal .  However ,  the toxaphene res idue on the p lant  above the 
ear  was 4  to  10 t imes as great  as those found for  heptachlor  and DDT.  
Table 9 .  insect ic ide res idues fo l lowing insect ic ide appl icat ions for  second-brood 
European corn borer  cont ro l ,  1956.  
Par ts  per  mi l l ion 
Rate Sta lk  and P lant  above Harvest  
Insect ic ide per  acre Leaves Husks ax i l  the ear  Ens i  1 age s tover  
(Pounds)  
Sampled Sampled 
Treated Ju ly  31 Sampled August  1 August  21 October  13 
DDT 1 .0  0 .7  1.0 1 .9 1 .4  0.9 0 . 9  
Heptachlor  0 .5  0 .2  0.  1 1 .3  0 .  6  0 .1  0.05 
I  1 1 .0  0 .5  0 .5 3 . 8  2.2 0 .7  0.  1 
i  1  1.5 0.7 0 .2  4 .4  2.6 0 . 9  0.05 
Toxaphene 1 .0  15.3 9 .2  0.3 5.9 2 .4  1.2 
I  I  2 .0  9 . 8  10.2 4 .8  7.7 4 .4  4.9 
I  \ 3.0 7.0 11.9 3 .9  6 .5 4.7 3.9 
Treated August  7  Sampled August  8  
DDT 1 .0  0 . 5  0.3 0 . 9  0.6 
Heptachlor  0 .5  0 .  1 0 .  1 0 .4  0.  1 
I  I  1.0 0.  1 0 .4  0.9 0 .6 
i  I  1.5 0 .  1 0 .5  1.5 0 . 9  
Toxaphene 1 .0 4 .1 9 .9  5 . 8  6.  6  
1  I  2.0 3.0 5 .0  7.9 6 .  7  
i  ;  3 .0  4 .5  7 .2  6 . 9  6.4 
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I t  should be noted that  the res idue on the p lants  in  a l l  o f  the 
t reatments  was re la t ive ly  low as compared to  the amount  o f  tox icant  on 
the p lants  a f ter  f i rs t  brood appl icat ions ( tab le  8) .  L ight  ra ins im­
mediate ly  a f ter  the mater ia ls  were appl ied on both Ju ly  31 and August  7  
may have reduced the res idue deposi ts .  
As shown in  tab le  3 ,  there was very  l i t t le  d i f ference in  the amount  
o f  insect ic ide on the p lants  due to  the d i f ferent  ra tes o f  appl icat ion.  
Th is  was in  cont rast  to  the resu l ts  obta ined in  the f i rs t  brood s tudy.  
There was a  not iceable loss in  heptachlor  res idue dur ing the three 
weeks that  e lapsed a f ter  the mater ia l  was appl ied,  as shown by the samples 
taken on August  21.  A l though there was a lso loss o f  DDT and toxaphene,  
the magni tude o f  the loss was not  as large as wi th  heptachlor  ( tab le  9)•  
Samples for  res idue analys is  taken f rom the same p lo ts  again on 
October  13 ind icated the DDT and toxaphene res idues were approx imate ly  
equal  to  those on the ens i lage samples o f  August  21.  On August  21 the 
heptachlor  res idues were 0 .1 ,  0 .7 ,  and 0 .9  p.p.m.  for  the 0 .5 ,  1 .0 ,  and 
1 .5  pound per  acre ra tes,  respect ive ly ,  whereas the res idues for  these 
ra tes were<0.05,  0 .1 ,  and<0.05 p.p.m.  on October  13.  
F i  rs t  brood 1957 
The res idue s tudy conducted in  1957 was not  as extens ive as the s tudy 
in  195&.  The d is t r ibut ion of  the res idue on the p lant  was not  s tud ied any 
fur ther .  A lso,  on ly  one ra te  o f  appl icat ion o f  each insect ic ide was 
sampled.  As was d iscussed in  a prev ious sect ion,  DDT was appl ied a t  the 
ra te  o f  0 .6  pound per  acre instead of  1 pound as in  1956.  Resul ts  o f  
tests  in  195b ind icated that  1 pound o f  heptachlor  and 2 pounds o f  toxa-
62 
phene per  acre were adequate to  g ive sat is factory  corn borer  cont ro l .  
Therefore,  p lo ts  rece iv ing these t reatments  were sampled for  res idue in  
1957.  
The f i rs t  brood t reatments  were appl ied on June 27 in  1957.  Residue 
samples were taken on June 23,  Ju ly  30,  September  3 ,  and September  24.  
The sampl ing procedure on a l l  four  dates was s imi lar .  Ten p lants  were 
chosen a t  random f rom the t reatment  p lo ts ,  chopped and quar t  samples taken 
for  analys is .  For  the samples taken September  3  and 24,  the ears  were re­
moved before the p lants  were chopped.  
Table 29 presents  the resu l ts  o f  the ind iv idual  analyses and tab le  10 
summar izes the res idues remain ing a t  in terva ls  fo l lowing t reatment .  The 
DDT res idues found on June 28,  Ju ly  30,  September  3 ,  and September  24 were 
1 .1 ,  1 .6 ,  1 .0 ,  and 0 .4  p.p.m. ,  respect ive ly .  
A l l  samples taken Ju ly  28 and thereaf ter  for  heptachlor  res idue deter ­
minat ion showed on ly  a t race of  heptachlor  or  less than 0.1 p.p.m.  Appar­
ent ly  there was a  rap id  loss o f  heptachlor  dur ing the f i rs t  30 days fo l ­
lowing t reatment .  
Toxaphene a lso d isappeared rap id ly  dur ing the f i rs t  30 days a f ter  
t reatment .  Samples taken June 28 showed 14.6 p.p.m.  and by Ju ly  30 the 
toxaphene res idue had dec l ined to  1.3 p.p.m.  Samples taken September  3 
and 24 had 2 .4  and 2.1 p .p .m. ,  respect ive ly .  The apparent  increase in  
toxaphene res idue f rom Ju ly  30 to  September  3 can be a t t r ibuted to  the 
d i f ference in  the mois ture content  o f  the corn p lants .  As shown in  tab le  
10,  the toxaphene res idue,  based on the dry  weight ,  is  approx imate ly  equal  
on the samples taken Ju ly  30 and September  3-  I t  should be po in ted out  
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Table 10.  Insect ic ide res idues fo l lowing insect ic ide appl icat ions for  
f i rs t -brood European corn borer  cont ro l ,  1957.  
Par ts  per  mi l l ion 
Residue Residue 
Rate Sampl ing on f resh on dry  
Insect !c  i  de per  acre date Mo i  s tu  re  weiqht  weiqht  
(Rounds)  (Percent )  
DDT 0 .6  6/23 56.5 1.1 8 .2  
7/30 76.4 1.6 6.8 
9/3 44.9 1.0 1.8 
9/24 47.9 3.4 0.8 
Heptachlor  1 .0  6/28 86.5 5.0 37.5 
7/30 76.4 0.  1 -
9/3 44.9 0.  1 -
9/24 47.9 0.  1 -
Toxaphene 2 .0  6/28 86.5 14.6 108.1 
7/30 76.4 1.3 5 -  5  
9/3 44.9 2 .4  5-3 
9/24 47.9 2.  1 4 .0  
that  par t  o f  the d i f ference in  insect ic ide res idue found on June 28 and 
Ju ly  30 is  due to  the increased s ize o f  the p lant  Ju ly  30.  The insect i ­
c ide res idues in  p.p.m.  that  remained on the p lant  were d i lu ted by the 
addi t ional  p lant  t issue.  
Second brood 1957 
P lo ts  t reated on August  14 for  second brood cont ro l  were sampled 
August  15,  September  16,  and October  19.  As in  the preceding exper iment ,  
ten p lants  were taken a t  random f rom the t reated p lo ts  on each sampl ing 
date.  The ears  were removed f rom the p lants  sampled on September  16 and 
October  19.  Each sample o f  ten p lants  was then chopped and a quar t  taken 
for  res idue analys is .  
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Table 30 in  the appendix  presents  the resu l ts  o f  the ind iv idual  anal  
yses.  The res idue remain ing a f ter  each t reatment  and sampl ing date is  
shown in  tab le  11.  Appl icat ion o f  1 pound o f  DDT in  a granular  formula­
t ion resul ted in  res idues o f  9 .0 ,  5-  ô ,  and 5-0 p .p .m. ,  for  samples taken 
August  15,  September  lb ,  and October  19,  respect ive ly .  
Corn samples taken August  15 for  res idue determinat ion f rom p lo ts  
t reated wi th  1 pound o f  heptachlor  had 1 .4  p.p.m.  res idue.  Samples 
taken on September  16 and October  19 both showed less than 0.1 p.p.m.  
heptachlor .  Fo l lowing appl icat ion o f  2 pounds o f  toxaphene,  11.6,  3 .5 ,  
and 2 .9  p.p.m.  res idue remained on August  15,  September  16,  and October  
19,  respect ive ly .  
Table 11.  Insect ic ide res idues fo l lowing insect ic ide appl icat ions for  
second-brood European corn borer  cont ro l ,  1957.  
Par ts  per  mi l l ion 
Residue Residue 
Rate Sampl ing on f resh on dry  
1nsect  i c i  de per  acre date Mois ture weight  weight  
(Pounds)  (Percent )  
DDT 1 .0  0/15 79.0 9 .0  42.9 
9 /16 77.6 5.  6 25-0 
10/19 39.4 5 .3  3.3 
Heptachlor  1 .0  0/15 79.0 1.4 6.7 
9/16 77.6 0.01 -
10/19 39.4 0.01 -
Toxaphene 2 .0  8/15 79.0 11.6 55.2 
9/16 77.6 3.5 15.0 
10/19 39.4 2 .9 4.8 
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Fi  rs t  brood 1958 
The ob ject ive o f  the res idue s tud ies in  1958 was the same as in  
1957)  which was to  determine the amount  o f  each insect ic ide remain ing on 
the corn a t  var ious in terva ls  a f ter  t reatment .  However ,  the ra tes o f  ap­
p l icat ion that  were sampled were s l ight ly  d i f ferent  in  1958 f rom the prev­
ious year .  Based on the borer  reduct ions obta ined in  1956 and 1957,  i t  
was conc luded that  0 .75 pound o f  heptachlor  and 1.5 pounds o f  toxaphene 
per  acre would be adequate to  g ive sat is factory  cont ro l .  Therefore,  the 
res idue deposi ts  found fo l lowing these appl icat ion ra tes were determined.  
Residues remain ing a f ter  the appl icat ion of  1 pound o f  DDT in  a granular  
formulat ion were determined again in  1958.  
The granular  insect ic ides were appl ied on June 23 to  s tudy the con­
t ro l  o f  the f i rs t  brood.  Treated p lo ts  were sampled June 24,  Ju ly  23,  
and September  19.  Samples for  res idue determinat ion were obta ined by 
us ing the same procedure fo l lowed in  1957.  Table 31 o f  the appendix  pre­
sents  the resu l ts  o f  the ind iv idual  analyses and tab le  12 summar izes the 
res idue data for  the three dates fo l lowing appl icat ion of  granular  formu­
la t ions.  
Fol lowing appl icat ion of  1 pound o f  DDT,  res idues o f  36.2,  0 .9 ,  and 
0 .4  p.p.m.  were found on samples taken June 24,  Ju ly  23,  and September  19,  
respect ive ly .  The greatest  decrease in  the DDT res idue occurred dur ing 
the f i rs t  30 days fo l lowing appl icat ion.  
One day a f ter  appl icat ion o f  0 .75 pound o f  heptachlor  per  acre,  there 
was a res idue o f  3 .8  p.p.m.  on the corn.  Samples co l lec ted Ju ly  23 and 
September  19 showed less than 0.05 p.p.m.  o f  heptachlor .  Samples for  tox-
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Table 12.  Insect ic ide res i  dues fo l lowing insect ic ide appl icat ions for  
f i rs t -brood European corn borer  cont ro l ,  1953.  
Par ts  per  mi l l ion 
Res idue Res idue 
Rate Sampl i  ng on f resh on dry  
1nsect  ic ide per  acre date Mo i  s tu  re  we i  c jh t  weight  
(Pounds)  (Percent )  
DDT 1 .0  6/24 88.3 36.2 309.4 
7/23 83.8 0.9 5.6 
9/19 60.7 0.4 1.0 
Heptachl  or  0 .75 6/24 88.3 3.3 32.4 
i / 1 3 83.8 0.05 -
9/19 60.7 0.05 -
Toxaphene 1 .5 6/24 88.3 6.  6  56.4 
7/23 83.8 0.7 4.3 
9/19 60.7 0.9 2.3 
phene determinat ion resu l ted in  6.6,  0 .7 ,  and 0 .9  p.p.m.  res idue on 
June 26,  Ju ly  23,  and September  19,  respect ive ly .  The decrease o f  DDT,  
heptachlor ,  and toxaphene res idues the f i rs t  30 days a f ter  appl icat ion 
resu l ts  f rom the d i lu t ion of  the res idues by p lant  growth as wel l  as the 
actua l  loss o f  insect ic ide.  
Second brood 1953 
P lo ts  t reated August  13 for  second-brood borer  cont ro l  were sampled 
August  19,  September  16,  and October  19.  The sampl ing procedure was the 
same as that  fo l lowed in  1957.  Table 32 presents  the resu l ts  o f  the in­
d iv idual  analyses and tab le  13 g ives the average res idue deposi ts  for  
each t reatment  and sampl ing date.  
One pound o f  DDT per  acre as a granular  formulat ion le f t  res idue de­
pos i ts  o f  0 .8 ,  1 .5 ,  and 1 .6  p.p.m.  when samples were taken August  19,  
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Table 13.  Insect ic ide res idues fo l lowing insect ic ide appl icat ions for  
second-brood European corn borer  cont ro l ,  1958.  
Par ts  per  mi l l ion 
Residue Residue 
Rate Sampl ing on f resh on dry  
1nsect i  c i  de per  acre date Mo i  s tu  re  weight  weight  
(Pounds)  (Percent )  
DDT 1 .0  0/19 03.7 0.3 4.9 
9/I& 33.1 1 .5 8.9 
10/14 77.1 1 .6  7 .0 
Heptachlor  0.75 3/19 33.7 0.64 3-9 
9/16 33.1 0.14 0.8 
10/14 77.1 0.09 0.4 
Toxaphene 1 .5  3/19 33.7 2.9 17.3 
9/16 03.1 1.5 8.9 
10/14 77-1 1 .6  7.0 
September  16,  and October  14.  The res idue deposi ts  fo l lowing the appl i ­
cat ion o f  0.75 pound per  acre were 0 .6 ,  0 .1 ,  and less than 0.1 p.p.m.  on 
the three dates o f  sampl ing.  Samples co l lec ted to  determine the toxa­
phene res idue on August  19,  September  16,  and October  14 showed res idue 
deposi ts  o f  2 .9 ,  1 .5 ,  and 1 .6  p .p .m. ,  respect ive ly .  
Compar ison o f  res idue deposi ts  for  1956,  1957,  and 1958 
Before the res idues deposi ts  found in  1956,  1957,  and 1958 could be 
compared i t  was necessary to  make some ad justments  to  compensate for  the 
d i f ferences in  the ra tes o f  appl icat ion o f  ODT,  heptachlor ,  and toxaphene.  
DDT was appl ied a t  the ra te  o f  0 .6  pound per  acre in  the f i rs t  brood 
s tud ies in  1957,  but  was appl ied a t  1 pound per  acre in  a l l  the other  
s tud ies.  In  order  to  make a un i form compar ison poss ib le  i t  was dec ided 
to  ca lcu la te  the res idue which would have been present  i f  1 pound o f  DDT 
had been appl ied in  the f i rs t  brood test  in  1957.  For  example,  one day 
a f ter  0 .6  pound o f  DDT was appl ied for  f i rs t  brood cont ro l  the res idue 
deposi t  was 1 .1  p .p .m.  Theoret ica l ly ,  i f  1 pound had been appl ied ap­
prox imate ly  1 .8  p.p.m.  should have been found.  Th is  assumes that  the 
res idue deposi ts  would be d i rect ly  propor t ional  to  the ra te  o f  appl ica­
t ion.  A lso i t  must  be assumed that  fo l lowing appl icat ion o f  an insect i ­
c ide a t  two ra tes the res idue deposi ts  would dec l ine a t  an equal  ra te .  
Corn t reated wi th  2.0 pounds o f  toxaphene and 1 .0  pound o f  heptachlor  was 
sampled for  res idue determinat ion in  195b and 1957.  In  1958 corn t reated 
wi th  1.5 pound o f  toxaphene and 0.75 pound o f  heptachlor  was sampled.  
Based on the borer  reduct ions obta ined,  toxaphene a t  1.5 pound and hepta­
ch lor  a t  0.75 pound per  acre are adequate for  corn borer  cont ro l .  There­
fore,  the res idue deposi ts  found in  195b and 1957 have been ad justed to  
the lower  ra tes so the res idue data for  1956,  1957,  and 1953 may be com­
pared.  Table 14 presents  the ad justed DDT,  heptachlor ,  and toxaphene 
res idue deposi ts  found one day a f ter  appl icat ion o f  1 pound o f  DDT,  0 .75 
pound o f  heptachlor ,  and 1 .5 pounds o f  toxaphene and the res idues a t  the 
t ime the corn was harvested for  both the f i rs t  and second broods.  
As shown in  tab le  14,  there was a  wide var ia t ion in  the DDT res idues 
recovered one day a f ter  appl icat ion for  f i rs t  brood cont ro l .  The res idue 
deposi ts  o f  DDT were 6 .9 ,  1 .3 ,  and 36.2 p.p.m.  in  1956,  1957,  and 1953,  
respect ive ly .  At  f i rs t  i t  was thought  that  the d i f ferent  sampl ing pro­
cedures used in  1956 and 1957 might  be the reason for  the d i f ference be­
tween the resu l ts  obta ined those years.  However ,  the res idue remain ing 
in  1953 d id  not  agree wi th  that  found in  l957 when the same procedure was 
Table 14.  Compar ison o f  insect ic ide res idues fo l lowing appl icat ion o f  granular  insect ic ides 
i n  1 9 5 6 ,  1 9 5 7 ,  a n d  1 9 5 8 .  
Par ts  per  mi l l ion 
F i rs t  brood Second brood 
Rate One day Harvest  One day Harvest  
per  Fresh Dry Fresh Dry- Fresh Dry Fresh Dry 
Insect ic ide acre Year  weight  weight  weight  weight  we ight  weight  weight  weiaht  
* (Pounds)  
DDT 1 . 0  1956 6 . 9  - 0 . 7  - 1 . 4  - 0.9 -
1 9 5 7  1 . 8  1 3 . 7  0 . 7  1 . 3  9 . 0  4 2 . 9  5 . 0  8 .  3  
1 9 5 8  3 6 . 2  3 0 9 . 4  0 . 4  1 . 0  0 .8  4 . 9  1 . 6  7 . 0  
Heptachlor  0.75 1 9 5 6  4 . 5  - 0.  1 1 . 7  - 0.  1 -
1 9 5 7  3 . 8  2 3 .  1  0. 1 - 1 .  1  5 . 0  0 . 0 1  -
1 9 5 0  3 . 3  32 . 4  0 .05 - 0 . 6 4  3 . 9  0 .09 0 . 4  
Toxaphene 1 . 5  1956 26.6  - 2.  1 - 5 .  0  - 3.7 -
1 9 5 7  1 1 .0 3 1 . 1  1 . 6  3 . 0  8 . 7  4 1 . 4  2 . 2  4 . 0  
1 9 5 8  6 .  6  56.4 0 . 9  2 . 3  2.9 17.0 1 . 6  7 . 0  
fo l lowed.  An exper iment  to  compare the two sampl ing procedures was con­
ducted in  1958 and is  d iscussed in  a la ter  sect ion.  
A l though there was a large var ia t ion in  the DDT res idues one day 
a f ter  appl icat ion,  the res idue deposi ts  o f  DDT a t  ear  harvest  were qu i te  
un i form for  the three years.  The DDT res idue a t  the t ime the corn was 
harvested was 0 .7 ,  0 .7 ,  and 0 .4  p.p.m.  in  1953,  1957,  and 1958,  respec­
t ive ly .  
Table 14 a lso shows a var ia t ion in  the amount  o f  DDT found one day 
a f ter  appl icat ion for  second brood cont ro l .  The res idue deposi ts  o f  DDT 
were 1 .4 ,  9 .0 ,  and 0 .8  p.p.m.  in  1956,  1957,  and 195o,  respect ive ly .  I t  
is  impor tant  to  note that  in  1956 the samples co l lec ted one day a f ter  
t reatment  were taken by d issect ing the corn p lants  and on ly  the por t ion 
o f  the p lant  above the ear  was inc luded in  the samples ( f igure 3) .  In  
1957 and 1958 the ent i re  p lant  was chopped and a quar t  o f  the chopped 
mater ia l  was taken for  res idue analys is .  S ince the ent i re  p lant  was in ­
c luded in  the samples for  res idue determinat ion in  1957 and 1958 but  
on ly  the por t ion above the ear  was inc luded in  1956,  i t  is  not  poss ib le  
to  make an accurate compar ison between the res idue deposi ts  one day a f ter  
appl icat ion in  1956 and the corresponding deposi ts  found in  1957 and 1958.  
At  the t ime o f  corn harvest ,  there was a lso a cons iderable var ia t ion 
in  the DDT res idue a f ter  t reatment  for  second brood cont ro l .  The res idue 
deposi ts  ranged f rom 0.9 p.p.m.  in  1956 to  5-0 p.p.m.  in  1957.  However ,  
i f  the res idues found when the corn was harvested in  1957 and 1958 (5 .0  
and 1 .6  p.p.m.)  are ca lcu la ted on the dry  weight  o f  the p lants  they are 
3 .3  and 7 .0 p .p .m. ,  respect ive ly .  The mois ture content  o f  the p lants  a t  
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harvest  was not  determined in  1956.  
The heptachlor  deposi ts  one day a f ter  appl icat ion of  granular  hepta­
ch lor  a t  0.75 pound per  acre for  f i rs t  brood cont ro l  was much more un i ­
form than the corresponding DDT deposi ts  in  1956,  1957,  and 1958.  In  
both 1957 and 1958 the heptachlor  deposi t  a t  th is  t ime was 3-8 p.p.m.  
and in  195o,  4 .5  p.p.m.  remained.  The s l ight ly  h igher  res idue deposi t  
found in  1956 may be due to  the modi f ied sampl ing technique fo l lowed 
that  year .  When the corn was harvested,  less than 0.1 p.p.m.  heptachlor  
was found on the s tover  for  a l l  three years.  
The deposi ts  found one day a f ter  appl icat ion of  granular  heptachlor  
for  second brood cont ro l  were more un i form than the corresponding DDT 
deposi ts .  In  1956,  1957,  and 1958 the heptachlor  deposi ts  were 1 .7 ,  1 .1 ,  
and 0 .6  p.p.m. ,  respect ive ly .  As was po in ted out  prev ious ly ,  a  modi f ied 
sampl ing technique was used in  1956 which may account  for  the s l ight ly  
h igher  res idue deposi t  in  that  year .  However ,  a l l  three years a f ter  
t reatment  for  f i rs t  brood cont ro l  less than 0.1 p.p.m.  o f  heptachlor  
was found a t  the t ime the corn was harvested.  
The toxaphene res idues var ied f rom year  to  year ,  but  the d i f ferences 
were not  as pronounced as they were for  DDT.  The toxaphene res idues one 
day a f ter  appl icat ions for  f i rs t  brood cont ro l  in  1956,  1957,  and 1958 
were 2b.6,  11.0,  and 6 .6  p .p .m. ,  respect ive ly .  Again,  the d i f ference be­
tween the res idue deposi t  found in  1956 and those in  1957 and 1958 may be 
due to  the sampl ing techniques fo l lowed.  At  the t ime of  corn harvest ,  
the toxaphene res idue that  remained a f ter  f i rs t  brood t reatment  was 2 .1 ,  
1 .6 ,  and 0 .9  p.p.m.  in  1956,  1957,  and 1958,  respect ive ly .  
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The toxaphene res idues one day a f ter  appl icat ion of  1 .5  pounds o f  
toxaphene as a  granular  formulat ion for  second brood cont ro l  were 5 .8 ,  
8 .7 ,  and 2.9 p .p .m. ,  respect ive ly .  Once again,  i t  should be ment ioned 
that  the 1957 and 1958 data cannot  be compared wi th  the 1956 resu l ts  as 
two d i f ferent  sampl ing techniques were used.  At  harvest  the toxaphene 
res idue had dec l ined to  3-7,  2 .2 ,  and 1 .6  p.p.m.  in  1956,  1957,  and 1958 
respect  i  ve ly .  
As shown in  tab le  14,  the res idue on the corn p lants  one day a f ter  
appl icat ion of  granular  insect ic ides was h igher  fo l lowing f i rs t  brood 
t reatments  than that  found fo l lowing second brood t reatments  wi th  a l l  
three insect ic ides each year  except  in  1957-  In  1957 the DDT res idue 
a f ter  second brood appl icat ions was greater  than the DDT deposi ts  a f ter  
f i rs t  brood appl icat ions.  
A l though the in i t ia l  res idues were h igher  a f ter  f i rs t  brood t reat ­
ments,  as a  ru le ,  the res idue when the corn was harvested was h igher  on 
corn t reated for  second brood cont ro l .  However ,  the heptachlor  res idue 
deposi t  a t  harvest  t ime was less than 0.1 p.p.m.  fo l lowing t reatment  for  
e i ther  f i rs t  or  second brood cont ro l .  
Heptachlor  and heptachlor -epox ide 
Accord ing to  Gannon and Decker  (1958) ,  heptachlor  is  conver ted to  
i ts  epoxide on p lants .  They repor ted that  the epox ide remains on p lants  
longer  than the parent  mater ia l  and a lso has a h igher  insect  and mammal ian 
tox ic i ty .  Since the epoxide is  more tox ic  than the parent  mater ia l  i t  was 
necessary to  determine the amount  o f  epox ide as wel l  as the parent  mater­
ia l  on corn t reated for  corn borer  cont ro l .  
73 
In  1957,  corn t reated Ju ly  I I  wi th  20 pounds o f  5 percent  granular  
heptachlor  was sampled Ju ly  12,  15,  19,  29,  and August  12 or  1 ,  4 ,  8 ,  18,  
and 32 days,  respect ive ly ,  a f ter  t reatment .  The samples were analyzed 
for  both heptachlor  and heptachlor -epox ide.  Table 15 presents  the resu l ts  
o f  the analyses.  
Table 15.  Heptachlor  and heptachlor -epox ide res idues fo l lowing appl ica­
t ion of  granular  heptachlor  for  f i rs t -brood corn borer  con­
t ro l ,  1957.  
Samp! ing 
date 
Days 
a f ter  
t reatment  Ho is  tu  re  
Par ts  per  mi l l ion 
Heptachlor  
Fresh Dry 
weight  weight  
HeptachI  or  
Fresh 
weight  
-epox ide 
Dry 
weight  
(Percent )  
Ju ly  12 1 85.4 1.14 7.80 0.04 0.27 
15 4  88.1 0.55 4.62 0 .  1 5  1.26 
19 8  33.  1 0 .01 - 0.07 0.41 
29 18 79.3 0.01 - 0.06 0.29 
Aug.  12 32 78.5 0.01 - 0.03 0.14 
Heptachlor -epox ide was found on corn p lants  one day a f ter  t reatment  
but  the concentrat ion was greatest  in  the samples taken four  days a f ter  
t reatment .  E ight  days a f ter  t reatment  the heptachlor  res idue had a lmost  
complete ly  d isappeared,  but  heptachlor -epox ide res idues were found a t  low 
leve ls  32 days a f ter  t reatment .  
In  1953,  heptachlor  a t  the ra te  o f  20 pounds o f  a 3 . 75 pound granular  
formulat ion or  0 .75 pound actua l  heptachlor  per  acre was appl ied June 23 
in  a f i rs t  brood test .  Samples were taken June 24,  Ju ly  23,  and September  
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19,  or  1 ,  30» and 83 days a f ter  t reatment .  The samples were analyzed for  
both heptachlor  and heptachlor -epox i  de.  Table 16 presents  the resu l ts  o f  
the analyses.  
The samples taken one day a f ter  t reatment  showed 3-8 p.p.m.  hepta­
ch l  or  res idue which a f ter  30 days dec l ined to  less than 0.05 p.p.m.  o f  
heptachlor .  On the cont rary ,  the heptachlor -epox ide res idue was less 
than 0.1 p.p.m.  one day a f ter  t reatment ,  whi le  a f ter  30 days i t  increased 
to  0.  1 p .p .m.  
Table lu .  Heptachlor  and heptachlor -epox i  de res idues fo l lowing appl ica­
t ion of  granular  heptachlor  for  f i rs t -brood corn borer  cont ro l ,  
1950.  
Sampl ing 
date 
Days 
a f ter  
t reatment  Mois ture 
Par ts  per  mi  11 ion 
Heptachlor  Heptachlor -epox ide 
Fresh 
weight  
Dry 
weight  
Fresh 
weight  
Dry 
we ight  
(Percent )  
June 24 1 33.3 3.30 32 .43 0.1 -
July  23 30 33« 0  0.05 - 0.10 0.62 
Sept .  19 38 60.7 0.05 - 0.04 0.  10 
Granular  heptachlor  a t  0.75 pound o f  actua l  heptachlor  was a lso ap­
p l ied August  18 in  an exper iment  to  cont ro l  the second brood.  Samples to  
determine res idues were taken August  19,  September  16,  and October  14 and 
analyzed for  heptachlor  and heptachlor -epox i  de.  The resu l ts  o f  these 
analyses are presented in  tab le  17.  
Dur ing the per iod o f  s tudy there was a progress ive increase in  the 
heptachlor -epox ide res idue on the corn p lants  whi le  a t  the same t ime the 
I S  
Table 17.  Heptachlor  and heptachlor -epox i  de res idues fo l lowing appl ica­
t ion of  granular  heptachlor  for  second brood cont ro l ,  1958.  
Days 
Sampl i  ng a f ter  
date t reatment  Mois ture 
(Percent )  
Aug.  19 1 33.7 
Sept .  lb  29 33.1 
Oct .  14 67 77.1 
Par ts  per  mi l l !on 
Heptachlor  Heptachlor -epox i  de 
Fresh Dry Fresh Dry 
weight  weight  weight  weight  
0.64 3-93 0.06 0.37 
0.14 0.83 0.13 0.77 
0.09 o.39 0.23 l .oo 
heptachlor  res idue was decreas ing.  On October  14,  there was 0 .23 p.p.m.  
o f  hep tach1or-epox i  de res idue which is  two and one-hal f  t imes greater  
than the heptachlor  res idue.  
Compar ison o f  sampl ing procedures 
The procedure used to  gather  and process the res idue samples one day 
a f ter  the f i rs t  brood t reatments  in  1956 was d i f ferent  f rom the procedure 
used in  1957 and 1958.  Because the res idues found var ied wide ly  an ex­
per iment  was conducted in  1958 to  compare the procedures.  Granular  DDT 
a t  1 pound o f  tox icant  per  acre was appl ied to  corn in  the whor l  s tage.  
One day a f ter  the t reatment  was made the corn was sampled by the two pro­
cedures.  
Four  groups o f  ten p lants  were chosen a t  random f rom the t reated 
p lo t .  Each group o f  p lants  was sampled by the procedure used in  1956 
( f igure 2) .  The resu l ts  o f  the analyses o f  the ind iv idual  samples are 
g iven in  tab le  1o.  The res idue on the ent i re  p lant  is  ca lcu la ted by mul ­
t ip ly ing the p.p.m.  DDT on the p lant  par ts  by the percent  o f  the to ta l  
Table 13.  DDT res idues fo l lowing appl icat ion of  granular  DDT for  f i rs t -brood European corn 
borer  cont ro l ,  1952.  
Percent  Percent  Percent  Percent  Average 
o f  to ta l  o f  to ta l  o f  to ta l  o f  to ta l  res idue 
Repl icate Residue weight  Residue weight  Residue weight  Residue weight  on p lant  
(p .p .m.)  (p .p .m.) (p .p .m.) (p .p .m.)  (p.p.m.)  
1 65.3 14.9 6 .4  14.6 2 .9 9 .8  3.5 60.7 13.1 
2 102.1 16.4 6 .1  17.  1 2 .1  9 .3  1.6 57.2 18.9 
3 37.4 13.6 3.9 13.3 1 .8  10.3 3-2 62.0 7 .8  
4 102 .4  15.7 6.0 14.8 3 .4 10.3 1.6 50.7 18.3 
Average 76.8 15.2 5 .6  15-0 2 .6  10.1 2 .5  59.3 14.5 
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weight  a t t r ibuted to  that  par t  o f  the p lant .  The sum o f  the to ta l  res i ­
due f ract ion of  a l l  p lant  par ts  is  the to ta l  p lant  res idue.  Using th is  
technique the res idue on the p lants  ranged f rom 7-3 p.p.m.  to  13.9 p .p .m.  
for  the four  groups o f  samples w i th  an average o f  14.5 p .p .m.  
The sampl ing procedure used in  1957 and 1958 was a lso used.  Another  
four  groups o f  ten p lants  were chosen a t  random. Each group was chopped 
and a 1-quar t  a l iquot  was taken f rom each for  analys is .  The four  samples 
showed 6 .1 ,  8 .4 ,  10.2,  and 13-9 p .p .m.  DDT res idue wi th  an average o f  9 .7  
p.p.m.  
The to ta l  p lant  res idue ca lcu la ted f rom the analyses o f  p lant  par ts  
exceeds the average res idue obta ined by analyses o f  a l iquots  o f  whole 
p lant  samples.  I t  is  poss ib le  that  the loss o f  res idue f rom the p lant  
sur face in  the process o f  chopping may account  for  th is  d i f ference.  How­
ever ,  when p lant  par ts  are taken some res idue is  a lso los t ,  so the d i f fer ­
ence may a lso be due to  normal  var ia t ion in  appl icat ion and sampl ing.  I t  
should be po in ted out  that  the d i f ference between the res idue found by 
the two procedures is  not  large enough to  account  for  the large d i f ference 
in  res idues found one day a f ter  t reatment  in  195b,  1957,  and 1958.  
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SUMMARY AND CONCLUSIONS. .  
Exper iments  were conducted a t  Ankeny,  Iowa f rom 1956 to  1953 to  de­
termine the ra tes o f  endr in ,  heptachlor ,  and toxaphene in  granular  formu­
la t ions adequate to  g ive e f fect ive corn borer  cont ro l .  Granular  DDT a t  
the recommended ra te  was used as a s tandard for  compar ison in  a l l  exper­
iments .  
Samples o f  c o r n  p l a n t s  t reated wi th  granular  DDT,  heptachlor ,  or  
toxaphene for  borer  cont ro l  were taken a t  in terva ls  f rom one day a f ter  
appl icat ion unt i l  harvest  t ime.  These samples were analyzed to  determine 
the insect ic ide res idues remain ing.  In  1956 corn t reated for  f i rs t  brood 
cont ro l  and a lso corn t reated for  second brood cont ro l  was sampled to  
determine the d is t r ibut ion of  the insect ic ide on the p lants .  
In  addi t ion to  analyses for  heptachlor  res idue,  samples taken in  
1957 and 1958 were a lso analyzed for  heptachlor -epox ide.  
Two procedures were used to  sample the corn one day a f ter  t reatment .  
Corn was t reated wi th  granular  DDT and sampled by both procedures in  1953 
to  determine i f  s imi lar  resu l ts  would be obta ined.  
Based on the resu l ts  obta ined in  these tests ,  the fo l lowing conc lu­
s ions may be drawn:  
(1)  Granular  endr in ,  heptachlor ,  and toxaphene a t  0 .2 ,  0 .75,  and 
1 .5  pounds o f  actua l  tox icant  per  acre,  respect ive ly ,  are equal ly  as e f ­
fect ive for  f i rs t  and second brood cont ro l  as granular  DDT a t  1 pound.  
(2)  Granular  DDT a t  0 .6  pound o f  actua l  tox icant  per  acre is  in­
suf f ic ient  to  g ive sat is factory  corn borer  cont ro l .  
(3)  Expressed as percent  reduct ion o f  cav i t ies  or  borers ,  endr in ,  
heptach lor ,  toxaphene,  and DDT a l l  g ive  bet ter  cont ro l  o f  the  f i rs t  brood 
than second brood.  
(4)  There is  a h igh corre la t ion between the number  o f  cav i t ies  and 
larvae when the p lo ts  are d issected to  evaluate f i rs t -  or  second-brood 
corn borer  cont ro l  exper iments .  
(5)  One day a f ter  granular  insect ic ides are appl ied for  f i rs t -brood 
borer  cont ro l ,  the greatest  amount  o f  res idue is  found on the sp i ra l ly  
ro l led leaves o f  the ; :whor l . 1 1  The least  res idue is  found on t ips  o f  the 
leaves.  
(6)  The in i t ia l  res idue deposi ts  on the p lants  are greater  a f ter  
granules are appl ied for  f i rs t  brood cont ro l  than a f ter  second brood t reat ­
ments .  
(7)  At  the t ime the ears are harvested,  more res idue is  found on 
corn t reated for  second brood cont ro l  than on corn t reated for  f i rs t  brood 
cont ro l .  
(3)  Residue deposi ts  a f ter  appl icat ion of  1 pound o f  DDT and 1 .5  
pounds o f  toxaphene for  f i rs t -brood borer  cont ro l  ranged f rom 0.4 to  0.7 
and 0 .9  to  2.1 p .p .m. ,  respect ive ly .  The res idue deposi ts  fo l lowing ap­
p l icat ion of  the same ra tes o f  DDT and toxaphene for  second brood cont ro l  
ranged f rom 0.9 to  5.0 and 1 .6  to  3-7 p .p .m. ,  respect ive ly .  Less than 0.1 
p.p.m.  heptachlor  res idue was found fo l lowing appl icat ion of  0 .75 pound 
o f  heptachlor  for  f i rs t  or  second brood cont ro l .  A l l  o f  these res idue de­
pos i ts  are wi th in  the estab l ished to lerances.  
(9)  Heptachlor  is  conver ted to  i ts  epoxide on corn p lants .  These 
deposi ts  ranged f rom 0.03 to  0.04 p.p.m.  a t  ear  harvest  a f ter  appl icat ion 
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of  granular  heptachlor  for  f i rs t -brood corn borer  cont ro l ,  whi le  0.23 
p.p.m.  was found a t  ear  harvest  a f ter  appl icat ions for  second brood con­
t ro l .  
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Tablé 19.  Corn borer  larvae and cav i t ies  found in  corn a t  midsummer fo l ­
lowing the appl icat ion o f  granular  insect ic ides for  f i rs t  
brood cont ro l ,  1956.  
Number  cav i t ies  Number larvae 
Insect ic ide Repl icate Repl icate 
t reatment  1 1 1 111 IV Tota 1 1 I |  1 1 1  IV  Tota l  
(Pounds per  acre)^  
Treated June 20°  
DDT 1 1 2  4  2 9  0 3 7 5  15 
Heptachlor  
11 
0 .5  
1 .0  
3 
0  
0 
1 
1 6  
1 
10 
2 
1 
0  
2  
1 
3  
0  
2 
1 
8  
2 
11 1 .5  0 0 1 0 1 0 1 2  1 4  
Toxaphene 
I 1 
1 
2  
l  
0 
0 
2 
1 
1 
3  
4  
5 
7  
2 
0 
1 
1 
6  
1 
3 
4  
12 
6  
i  { 3 1 1 1 3  1 2  0  0 3 
E n d r i n  0. 1 0  1 1 0  2  0 2 2 1 5 
1 I 0.2 0 1 1 0 2 0 2 3 0  5 
I 1 0.4 1 0  0 0 1 0 0 0 0 0 
Untreated cont ro l  1 3  5 8 20 46 20 8  19 24 71 
Treated June 25 c  
DDT 1 1 0  2  2  5 1 0  3 1 5 
Heptachlor  
i  1 
0 .5 
1.0 
5 
0  
1 
0  
3 
0 
1 
0 
10 
0  
4  
1 
0  
0  
2  
0 
1 
1 
7  
2  
1 .5  0 0 0 0 0  1 1 0 0 2  
Toxaphene 
{ :  
1 
2  
2  
3 
2  
3  
6 
7 
7 
0 
1 7  
1 3  
1 
1 
2  
2  
4  
7 
4  
2 
1 1 
12 
1 ;  3 3 1 0  1 5  2  4  0 1 7  
Endr  in  0 . 1  6 3 1 0 10 5 2  1 0 8 • 
t  :  0.2 3 0 1 0 4 3 0 1 0 4 
1 (  0.4 1 1 0 0 2 1 1 0  1 3 
Untreated cont ro l  13 9  27 11 60 15 1 1 27 12 65 
aPounds per  acre o f  actua l  insect ic ide 
^Ten p lants  sampled per  rep l icate on Ju ly  5 
^Twenty  p lants  sampled per  rep l icate on Ju ly  6 
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Table.  20. .  Corn borer  larvae ar id  cav i t ies  found in  corn in  the fa l l  fo l ­
lowing the appl icat ion o f  granular  insect ic ides for  second 
brood cont ro l j  1956.  
Number  cav i t ies  Number larvae .  
Insect ic ide 
t reatment  
Repl icate 
Tota 1 
Repl icate 
Tota l  1 | | 111 IV 1 11 111 IV 
(Pounds per  acre) 9  
Treated Ju ly  31 
DOT 1 7  8  8  2 25 8  7 8  3 26 
Heptach1 or  0 .5  5 16 3 2  26 5 14 7 5  31 
i  I  1.0 6 10 6  9  31 5 13 10 11 39 
J ! 1.5 15 15 5  8  43 16 16 3 12 47 
Toxaphene 1 4  15 11 5  35 5  17 9  6  37 
I I 2 12 15 6  5 38 12 16 11 6  45 
3 6  18 10 6 40 7 18 9  6 40 
Endr in  0.1 8 10 7 10 35 8  12 7 10 37 
11 0.2 8 4  8 7 27 9  3 14 5 31 J j  0.4 3 17 2 2 24 2 18 3 3 26 
Untreated cont ro l  20 26 20 34 100 23 30 16 34 103 
Treated August  7^  
DDT 1 18 11 9  9  47 14 11 12 8  45 
Heptachlor  0 .5  4  11 12 6  33 9  12 17 8  46 
1 i  1.0 2 4  2 4  12 2 4  3 8  17 
i : 1.5 1 3  10 8  22 2 3 10 9  24 
Toxaphene 1 14 6 12 12 44 21 8  12 13 54 
t J 2 15 5 3 5  28 14 10 8  7 39 
1 t 3 12 4  5 5 26 8  6 12 7  33 
Endr in  0. 1 14 8  11 4  37 14 8 16 6  44 
0 .2  14 13 16 6  49 15 9  15 5 44 
It 0.4 5 3 2  5  15 7 5  3 4  19 
Untreated cont ro l  30 14 30 32 106 33 14 31 33 i , ,  
aPounds per  acre o f  actua l  insect ic ide 
^Ten p lants  sampled per  rep l icate on September  14 
Table 21.  Corn borer  larvae and cav i t ies  found in  corn a t  midsummer fo l ­
lowing appl icat ion of  granular  insect ic ides for  f i rs t  brood 
cont ro l ,  1957.  
Number  cav i t ies  Number larvae 
Insect ic ide Repl i  cate Repl i  cate 
t reatment  1 I I  I I I  IV Tota l  I  I I  I I I  IV Tota l  
(Pounds per  acre) 3  
Treated June 27^ 
DDT 0 .6  13 0  10 18 54 18 15 11 14 58 
Heptachlor  0 .5  11 14 0  5 30 10 S 0 4  23 
1  i  1.0 3 5 1 0  9  3 3 l  0 7 
11 1.5 3 1 1 0  5 3 1 l  0  5 
Toxaphene 0 .5  15 2  15  1 1 43 13 3 11 8  35 
t  I  1.0 15 5  9 1 1 40 13 5 9  8  35 
1  Z 1.5 5 1 7  9  22 4  1 7  b  18 
11  2.0 14 3  3 5 25 15 3 3  5  2o  
Endr in  0 .  1 16 2  6 13 37 12 2  5 9 23 
1 ; 0.2 4  10  6  6  26  3 18 4  4  29 
1 : 0.5 11 3  5 2 21 11 2  b  1 20 
Untreated cont ro l  36  44 20 28 128 30  33 13 25 101 
aPounds per  acre o f  actua l  insect ic ide 
' - 'Ten p lants  sampled per  rep l icate on Ju ly  24 
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Table 22.  Corn borer  larvae and cav i t ies  found in  corn in  the fa l l  a f ter  
appl icat ion o f  granular  insect ic ides for  second brood cont ro l ,  
1957.  
Number  cav i t ies  Number la .  fae 
Insect ic ide 
t reatment  
Repl icate 
Tota l  
Repl icate 
Tota l  1 11 111 IV 1 1 1 111 .V 
(Pounds per  acre) 3  
Treated August  7  
DDT 1 34 19 25 19 97 22 14 20 17 73 
Heptachlor  0 .5  15 36 10 19 30 14 31 10 14 69 
11 1 .0  17 16 19 16 68 16 16 17 15 64 
i  i  1 .5  14 18 18 9  59 15 16 17 3  56 
Toxaphene 0 .5  28 27 36 20 111 23 25 29 14 91 
i  1 1 .0  23 25 29 12 94 25 19 21 13 78 
11 1 .5  22 23 33 11 94 18 24 30 10 82 
11 2 .0  23 18 25 20 86 21 13 21 20 75 
Endr in  0 .  1 20 16 11 10 57 17 18 9  8  52 
i  I  0 .2  9 6 16 5  36 9  7 10 4  30 
I  I  0 .5  12 4  8  3 27 13 6  4  2 25 
Untreated cont ro l  73 46 33 31 133 63 42 27 25 157 
Treated August  1 
DDT 1 21 27 15 15 78 17 19 10 11 57 
Heptachlor  0 .5  30 35 29 36 130 20 30 21 31 102 
t ;  1 .0  39 15 21 34 109 30 12 15 25 82 
I  i  1 .5  22 36 19 15 92 20 30 15 18 83 
Toxaphene 0 .5  26 27 30 22 105 20 26 23 15 34 
1 1 l .O 37 20 23 13 93 40 18 20 12 90 
1 1 1 .5  26 36 43 35 140 23 32 33 22 110 
I  1 2 .0  24 22 25 13 34 21 16 25 9  71 
Endr in  0 .  1 37 28 11 26 102 26 20 9  16 71 
1 I  0 .2  25 22 10 22 79 24 17 13 16 70 
11 0 .5  20 33 27 36 116 18 37 23 37 115 
Untreated cont ro l  23 41 43 48 155 22 39 39 36 136 
aPounds per  acre o f  actua l  insect ic ide 
^Ten p lants  sampled per  rep l icate September  13 
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Tab le  23.  Corn  borer  la rvae and cav i t ies  found in  corn  a t  mi  ds .ummer  fo l ­
lowing app l ica t ion  o f  granu lar  insect ic ides  fo r  f i rs t  brood 
cont ro l ,  1953.  
Number  cav i t ies  Number larvae 
Insect ic ide 
t reatment  
Repl icate 
Tota l  
Repl icate 
Tota !  1 1 1  1 1 1  IV  1 I  1 I  1 1 IV 
(Pounds per  acre) d  
Treated June 23 
DDT 1 0  0  I  0 1 0  0  I  0 1 
Endr  in  0.125 1 0  0  2 3 1 0  0  2 3  
i  I  0 .25 0 1 1 0  2  0  0  2 1 3  
1 .  0 .5  0 0  2 2 4  0 0 1 0  1 
Heptachlor  0 .5  0 0 2 0 2 0  0  1 0  1 
:  1 0 .75 2 0  0 1 3  2  0  0  1 3  
SI 1.0 0 0  2 0  2 0  0  2 0 2  
Toxaphene 1 .0 1 1 1 0  3 1 1  0  0  2 
;  l  1 .5  0 1 1 1 3  0  1 0  1 2  
t  {  2 .0  0 0  1 2  3  0  0  1 1  2  
Untreated cont ro l  12 14 10 6  42 11 9  12 4  36 
Treated Ju ly  2^ 
DDT 1 0  2 0  3 11 3 1 0  1 5  
Endr in  0.125 13 2 2 3 20 7 3  1 0  11 
I 1 0.25 5 10 0  5 20 1 1 0  1 3  
I ! 0.5 6 2 2 3  13 1 0  0  2 3 
Heptachlor  0 .5  4 4 1 3  12 1 2  0  3  6  
1 J 0.75 4  2 1 3  10 1 2  0  2 5  
:  1 1.0 2 0 4  2 8  0 0 1 2  3  
Toxaphene 1.0 6 2 7  0  15 2  1 2  0  5  
11 1.5 2 2 0  3 7  1 1 0  1 3  
1 i  2.0 4  2 2 7 15  0 3 1 4  8  
Untreated cont ro l  10 3 5  6C  24 5 2  1 3C  11 
aPounds per  acre o f  actua l  insect ic ide 
&Ten p lants  sampled per  rep l icate Ju ly  21 
^"Est imated va lues;  actua l  va lues miss ing 
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Tab le '24 .  -Cor-n .  borer  cav i t ies  in  corn  in  the fa l l  fo l lowing app l ica t ion  
o f  granu lar  Insect ic ides  fo r  second brood cont ro l ,  1958.  
Number  cav i t ies  
Insect ic ide Repl icate 
t reatment  1 11 111 IV Tota l  
(Pounds per  acre) 3  
Treated August  7  
Toxaphene 1 .0  1 15 4  9 29 
1 1 1.5 6 9 4  8 27 
I 1 2.0 6 5 10 3 24 
Heptachlor  0 .5  3 7 7  5 22 
I 1 0.75 6 5 7 8  26 
i ; 1.0 2 10 3 5  20 
Endr in  0.125 5 3 8  6 22 
1 i  0.25 1 10 12 10 33 
I  i  0.5 2 5 9  4  20 
DDT 1 2  I I  7 5  25 
Untreated cont ro l  13 32 18 30 93 
Treated August  1 s ' 3  
Toxaphene 1 .0  11 7 19 15 52 
I 1 1.5 3 6  9  11 29 
i i  2.0 13 5 22 5 45 
Heptachlor  0 .5  5 4  11 3 23 
i : 0.75 6 7 12 4  29 
it 1.0 7 3 3  2  15 
Endr in  0.125 4  7 9  9  29 
1 i  0.25 10 11 2  8  31 
I I  0.5 11 2  10 11 34 
DDT 1 15 13 14 11 53 
Untreated cont ro l  27 30 17 29 103 
aPounds per  acre o f  actua l  insect ic ide 
^Ten p lants  sampled per  rep l icate September  26.  
Table 25.  Insect ic ide res idues on whor l  leaves,  whor ls ,  s ta lk  leaves,  and s ta lks  one day a f tér  
appl icat ion o f  granular  insect ic ides for  f i rs t  brood cont ro l ,  1956.  
Whor l  leaves Whor l  Sta lk  1 eaves Sta lk  and ax i1  Tota 1 o f  p lant  par ts  
Rep 1 i - Sample Sample Sample Sample Tota 1 Tota 1 
cate Residue weight  Residue weight  Residue weight  Res idue weight  weight  res idue Residu 
(p .p .m.)  (gm.)  (p .p .m.)  (gm.  j  (p .p .m.  )  (gm.)  (p .p .m.)  (gm.  )  (gm.  )  (gm.  )  (p .p .m 
Treated June 20 ,  Sampled June 21 
DDT 1 pound per  acre ' 
1 2 .0  298 36.8 342 0 .8  342 19.0 1042 2024 
.033255 16.4 
I I  1.1 236 27.7 282 1 .0  288 6.9 917 1723 .014686 8.5 
I I I  0.1 254 42.3 248 0 .8  337 6.7 1080 1919 .018021 9 .4  
IV 0 .8  273 1 .  1 268 <0.  1 313 <0.  1 1061 1915 .000651 0.3 
>
 
é
 
o
 
27 .0  0 .7  8.2 8.7 
Heptachlor  0 .5  pound per  acre 
1 1 .0  300 29.5 329 CO. 1 360 6 .0  1046 2035 .016318 ,  8 .0  
I I  0.2 238 30.8 273 <0. ]  349 6.8 1 10b 1966 .016012 8.1 
I I I  1.0 240 40.4 273 0.5 221 3 .6  981 1715 .01491 1 :  8.7 
IV 0 .5  251 67.4 240 0.3 244 8.8 902 1&37 .024312 14.9 
Avg.  0 .8  42.0 0 .2  6.3 ,  9.9 
Heptachlor  1 pound per  acre 
1 2 .0  2b5 70.9 303 <0. 1 371 9 .1  1 150 2089 .032515 15.6 
1 1 0 .8  225 47.0 217 0 .3  295 13.2 759 1496 .020486 13.7 
I I I  0.6 259 2 .0  259 0 .3  290 12.5 905 1713 .012073 7.0 
IV 3-0 185 21.5 220 0 .4  212 3.7 968 1585 .008951 5 .6  CD >
 
<
 35.4 0.3 9.6 .  10.5 
Tab)e 25.  (Cont inued)  
Whor l  1  eaves Whor l  S ta lk  1 eaves 
Repl i - Sample Sample Sample 
cate Residue weight  Res idue weight  Residue weight  
(p .p .m.  )  (gm.)  (p .p .m.)  (gm.  )  (  p  •  p  •  m •  )  (gm.)  
Heptachlor  1 .5  pounds per  acre 
1 1 .3  280 80.0 276 8.5 323 
11 2 .  1 267 55.5 305 0.3 309 
I I I  1.8 244 38.5 312 0 .2  284 
IV 0 .7  216 35.1 234 0 .4  208 
Avg.  1 .5  42.3 2 .4  
Toxaphene 1 pound per  acre 
1 4 .0  302 32.7 339 2 .  6  353 
I I  9 .2  228 44.1 272 3.9 309 
I I I  11.1 215 43.6 287 1 .1  316 
IV 9 .4  255 32.8 229 3.0 281 
Avg.  8 .4  39.6 2 .7  
Toxaphene 2 pounds per  acre 
1 12.5 244 93.8 288 9.4 327 
11 18.9 285 44.1 363 13.8 326 
I I I  16.2 215 67.4 264 5 .4  279 
IV 10.4 293 57.9 318 5 .4  364 
Avg.  14.4 65.8 8.5 
Toxaphene 3 pounds per  acre 
1 9 -5  208 162.0 216 4 .6  328 
I I  12.6 242 87.5 313 6.5 306 
I I I  13.2 263 1 10.4 317 2 .7  311 
IV 20.6 262 188.0 249 4 .9  306 
Avg.  14.0 137.0 4 .7  
Average o f  three rep l icates 
Sta lk  and ax i1  Tota l  o f  p lant  par ts  
Sample Tota l  Tota 1 
res idue Residue 
.p .m.  )  (gm.)  (gm.  )  (gm.  )  (p .p .m.)  
19 .2  994 1873 . 044274  23 .6  
9.4 1075 1956 . 027686  14.2 
4 .0  1044 1884 .016684 8.9 
0.3 671 1329 .008649 6.5 
8 .2  13.3 
10 .0  1201  2195 . 025221  11.5 
10 .6  947 1756 .025336 14.4 
10 .6  943 1761 .026678 15.1 
4 .7  1024 1789 .015564 8.7 
9 .0  12.4 
47.6 921 1780 .0769/8 43.2 
28.9 1 164 2138  .059533 27.8 
17.3 1020 1778 .040429 22.7 :  
Lost  1154 - - _  '  0  
31.3 31.  2 f  
83.6 929 1631 .  116141 69.1 
25.8 1 126 1987 .061477 30.9 
25.8 1037 1928 . 066063  34.3 
49.6 963 1780 .101473 57.0 
46.0 47.8 
Table  25.  (cont inued)  
Whor l  leaves Whor l  Sta lk  leaves 
Repl i -  Sample Sample Sample 
cate Residue weight  Residue weight  Residue weight  
(p .p .m.)  (gm.)  (p  .  p.m.  )  (gm.)  (p .p .m.)  (gm.  
Treated June 25 ,  sampled June 26 
DDT 1 pound per  acre 
1 0 .6  254 49.8 307 0 .5  307 
1 1 0  218 45.5 330 Lost  224 
I I I  0 175 26.8 179 0 .6  158 
IV 0  179 10.  1 178 0 .4  135 
Avg.  0 .2  33.1 0 .5  
Heptachlor  0 .5  pound per  acre 
1 •  <0.1 268 44.0 341 CO. 1 231 
I I  <0.1 305 23.6 381 Co.  1 230 
I I I  <0.05 191 4 .8  223 <0.  1 193 
IV <0.1 247 7 .1  144 X0.1 139 
Avg.  <0.1 19.9 <0.  1 
Heptachlor  1 pound per  acre 
1 <0.  1 26? 45.8 334 CO. 1 287 
I I  <0.1 230 34.9 298 0 .3  298 
I I I  <0.1 195 40.8 197 <0.  1 181 
IV <0.1 261 76.0 296 <0.1 162 
Avg.  <0.1 49.4 CO. 1 
S ta lk  and ax i1  Tota l  o f  p lant  par ts  
Sample Tota l  Tota l  
Residue weight  weight  res idue Residue 
.p .m.)  (gm.  )  (gm.  )  (gm. )  (p .p .m.  
6 .5  1 109 1977 .022803 11.5 
16.3 845 1617 -
2.3 898 1410 .006957 4.9  
4 .5  1009 1501 .006392 4.3 
7 .4  6,9 
Lost  1161 2001 _ 
1.3 1144 2060 .010532 5.1 
Lost  1096 1703 - - • 
Lost  735 1265 - -
1.3 5.1 
Lost  1082 1970 
Lost  1189 2015 - - • 
1 .  1 1005 1578 .009180 5.8 
Lost  769 1488 - - : 
1.1 5.8 
Table  25.  (cont inued)  
Whor l  leaves Whor l  S ta lk  leaves 
Repl i -  Sample Sample Sample 
cate Residue weight  Residue weight  Residue weight  
(p .p .m.)  (gm.  )  (p .p .m.  )  (gm. )  (p .p .m.)  (gm 
Heptachlor  1 .5  pounds per  acre 
1 < 0 .  1 257 106.8 410 <0.  1 243 
.11 <0.1 232 29.0 242 <0.  1 209 
111 <0.1 188 102.2 182 <0.  1 182 
IV <0.1 225 131.6 173 <0.  1 189 
Avg.  <0.1 92.4 <0.  1 
Toxaphene 1 pound per  acre 
1 5 .5  217 68.7 345 1 .1  216 
I I  13.6 198 38.3 196 2 .0  178 
I I I  4.5 201 22.5 120 6 .  6  183 
IV 4 .4  272 47.4 196 5 .3  158 
Avg.  7-0 44.0 3 .8  
Toxaphene 2 pounds per  acre 
1 9 .0  219 156.5 299 8 .8  224 
I I  14.2 189 112.0 325 6 .4  187 
I I I  5.4 224 246.5 142 Lost  142 
IV 5-7 202 142.2 232 6 .0  140 
Avg.  8 .6  164.3 7 .1  
Toxaphene 3 pounds per  acre 
1 9 .6  251 158.2 335 10.  1 267 
I I  11.3 213 108.7 335 5 .9  255 
I I I  33.6 168 395.7 138 27.8 108 
IV 20.8 185 147.4 247 27.8 138 
Avg.  18.8 202.5 17.9 
Sta lk  and ax i1  Tota l  o f  p lant  par ts  
Sample Tota l  Tota l  
(p .p .m.  )  (gm.)  (gm.  )  
12.7 1076  1986 
4.9 1034 1717 
39.6 732 1284 
Lost  719 1306 
19.1 
(gm.  )  (p .  p .m.)  
.057503 29.0 
. 0 1 2 1 2 8  7 . 1  
.047625 37.1 
24.4 • 
Lost  972 1750 -
6.4 781 1353 .015554 11.5"  
11.2 1017 1521 .016203 lO. f  
4 .9  1301 1927 .017700 9/2 
5.6 10.(5 
18.  7 901 164-3 .067584 4 l j .  1 
9 .1  950 1651 .048926 2^.6 
14.5 729 1237 -
13.4 642 1216 .043585 3^.8 
13.9 35.5 
a 
12.0 917 1770 .069107 39|0 
0 736 1539 .040326 26i.2 
4.6 870 1284 . 067256  52.-4 
5.  1 990 1560 .049141 31.5 
7 .2  371 
V) VI 
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Table  26.  Insect ic ide  res idues fo l lowing app l ica t ion  o f  granu lar  insect i ­
c ides  fo r  f i rs t  brood cont ro l ,  1956. a  
Residue in  par ts  per  mi l l ion 
Rate per  Repl  icate 
Insect !c  i  de acre 1 11 111 IV Mean 
(Pounds)  
Sampled August  10 
DDT 1 0 .9  0 .6  0.8 0 .4  0.7 
Heptachlor  0 .5  <0.  1 (0 .  1 <0.1 <0.1 <0.1 
1.0 <0.1 <0.  1 <0.  1 <0.  1 <0.  1 
1 .5  <0.  1 <0.  1 <0.  1 <0.  1 <0.1 
Toxaphene 1 .0  0.71 0.63 0.69 0.  1 1 0 .54 
2.0 1.93 0.76 1.38 0.88 1.24 
3-0 2.01 1.97 2.06 3.29 2.33 
Sampled October  2  
DDT 1 0 .7  0 .9  0 .8  0 .4  0.7 
Heptachlor  0 .5  <0.1 <0.  1 - - <0.1 
1.0 <0.  1 <0.  1 - - <0.1 
1.5 <0.  1 <0.  1 - - <0.  1 
Toxaphene 1 .0  0.60 1.65 - - 1.13 
2.0 2.78 2.78 - - 2.78 
3.0 4.10 4.97 - 4.54 
^Appl icat ions made June 25 
Table 2 / .  Insect ic ide res idues on the s ta lks ,  leaves,  and husks one day a f ter  appl icat ion*of  
granular  insect ic ides for  second brood cont ro l ,  1956.  
Sta lk  Leaves Husks Tota l  o f  p lant  par ts  
Repl i - Sample Sample Sample Tota 1 Tota l  • 
T  reatment  cate Residue weight  Resi  due weight  Residue weight  weight  res idue Res idue 
(Pounds per  acre)  (p .p .m.  )  (gm.)  (p .p .m.  )  (gm.)  (p .p .m.  )  (gm.)  (gm.  )  (gm.  )  (p .p .m.  
Treated Ju ly  31,  sampled August  1 
DDT 1 1 3 .5  725 1 .2  425 1 .5  416 1566 .OO3672 2 .3  
1 1 1 .0  1022 0 .7  532 0 .  8  768 2322 .002009 0 .9 
I  |  |  2.2 1005 0 .5  438 1 .0  353 1796 .002733 1.5 
IV 0 .8  918 0 .5 421 0 .7  366 1705 .001201- 0.7 
Avg.  1 .9  0 .7  1.0 1 .4  
Heptachlor  0 .5  1 1 .5  889 0 .8  438 Lost  533 I860 — -
1 1 1 .9  1045 <0.1 469 <0.  1 584 2098 .002091'  1 .0  
1 1 1 1 .1  977 <0.  1 427 /0 .  1 545 1949 .001172 0.  6  
IV 0 .5  987 t o .  1 362 <0.  1 3  25 1674 .000562 0 .3 
Avg.  1 .3  0 .2  <0.  I  0.  6  
Heptachlor  1 1 5 .8  804 1.5 461 0 .  8  271 1536 .005572 3 .6 
1 1 1 .7  1018 0 .4  528 0 .5  560 2106 .002222,  1 .1  
1 1 1  4 .7  930 <0.1 439 0 .5  494 1918 .004397- 2.6 
IV 2 .9  879 <0.  1 392 <0.1 484 1755 .002637 1.5 
Avg.  3 .3  0 .5  0 .5  2.2 
Heptachlor  1 .5  1 5 .3  870 2 .4  471 0 .1  517 1858 .005793 3.1 
1 1 4 .2  1005 0 .3  397 0 .4  578 1980 .004571 "  2 .3  
1 1 1 4 .2  1058 <0.1 428 0 .3  499 1985 .004636 ,  2.3 
IV Lost  835 < 0.1 373 <0.1 557 -
Avg.  4 .4  0.7 0 .2  ,  '  2.6 
Table  27.  (cont inued)  
Stalk Leaves 
T reatment 
Rep)i-
cate 
Sample Samp 1e 
(pounds per  acre)  (p .p .m.)  (gm.  )  (p .p .m.  )  (gm. 
Toxaphene 1 1 0 .  6  980 7-5 431 '  
1 1 0,  1118 5 .0  491 
111 0 916 22.7 397 
IV 0 .7  913 26.0 439 
Avg.  0 .3  15.3 
Toxaphene 2 1 12.8 863 5.8 447 
I  |  3.8 937 3 .9 378 
I  |  |  0 969 16.2 461 
IV 2 .5  965 13.3 435 
Avg.  4 .8  9.8 
Toxaphene 3 1 3.7 930 5.6 437 
1 1 5.0 1037 4 .4  444 
1 1 1 1.1 1138 3 .9  507 
IV 5 .9  1016 12.9 461 
Avg.  3 .9  7 .0  
Treated August  7 ,  sampled August  8  
DDT 1 1 1 .5  842 1.7 419 
I  |  1.7 831 0 .2  402 
I  |  |  0.1 1049 0  417 
IV 0 961 0 .2  475 
Avg.  0 .9  0 .5 
Husks Tota l  •o f  p lant  par ts  
Sample Tota l  Jota l  
Residue weight  weight  res idue Resi  due 
(p .p .m.  T  (gm.)  (gm.') (gm.  )  (p .p .m.)  
6 .4  375 1786 » .006221 3 .5  
7.0 516"  Z125 .006067 2.9 
8.1 452 1765 " .012673 7 .2  
15.1 239° 1591 .015662 9 .8  
9 .2 5.9 
17.4 527 1837 .022809 12.4 
,  7.6 451 1766 .008462 4 .8 
Lost  474 1904 - -
5.6 578 1978 .011435 5 .8 
10.  2  7 .7  
9.8 273 1640 .008564 5.2 
18.2 550 2031 .017149 8 .4  
11.5 510 2155 .009094 4.2 
8.1 451 1928 .015594 8.1 
11.9 6 .5  
0 .4  645 1906 .002233 1.2 
0 .5 721 1954 .001854 0.9 
0.1 524 1990 .000157 0.08 
0. 1 758 2194 .000171 0.08 
0.3 0 .6 
Table  27.  (cont inued)  
Sta lk  Leaves 
Repl i -  Sample Sample 
Treatment  cate Residue weight  Residue weight  
(Pounds per  acre)  (p .p .m.)  (gm.) (p .p .m.) (gm.)  
Heptachlor  
Heptachlor  
Heptachlor  
Toxaphene 
0 .5  1 0.2 893 <0.1 428 
1 1 0.5 885 <0.1 431 
1 |  |  0.8 828 <0.  1 448 
IV 0 .2  849 <0.  1 448 
Avg.  0 .4  <0.  1 
l  1 1.2 868 <0.  1 364 
1 1 1.0 897 <0.  1 382 
1 1 1 0.6 981 Co. 1 471 
IV 0 .7  1122 -co.  1 530 
Avg.  0 .9  <0.  1 
1 .5  1 1.5 1012 0 .1  46.1 
1 1 1.4 845 0 .1  396 
1 1 1 Lost  963 <0.  1 459 
IV 1 .5  995 <0.1 490 
Avg.  1 .5  0 .1  
1 1 4.9 886 6.1 399 
1 1 7.7 666 1 .2  365 
I  |  |  7.5 '  805 5 .4  626 
IV 3 .0  952 3 .6  480 
Avg.  5.8 4.1 
Husks Tota l  o f  p lant  par ts  
Sample Tota 1 Tota l  
Res idue weight  weight  res idue Res idue 
(p .p .m.  )  (gm.)  (gm.  )  (gm. )  (p .p .m. .  
<0.  1 740 2061 .000295 0 .  1 
0 .  1 642 1958 .000550 0 .3 
<0.  1 563 1839 ,000764 0 .4  
<0.  I  637 1934 .000278 0 .1 
<0. 1 
0 .9  625 1856 .001641 0 .9  
0 .2 585 1864 .001052 0.6 
<0.1 600 2052 .000696 0 .3 
Lost  725 2377 - -
0.4 0.6 
0 .8 '  733 2206 .002151 1.0 
0 .7  615 1856 .001653 0 .9  
Lost  680 2102 - -
0.3 783 - '  2268 .001776 0 .8  
0.5 0.9 
8.7 758 2043 .013370 6.  5 
10.2 574 1605 .01 1421 7 .1  
11.2 455 1886 .014514 7.7 
9 .4  664 2096 .010826 5 .2  
9.9 6.6 
Table  27.  (cont inued)  
Sta lk  Leaves Husks Tota l  o f  p lant  par ts  
Repl i - Sample Samp 1e Sample Tota l  Tota l  
Treatment cate Resi  due weight  Residue weight  Res idue weight  weight  res idue Res idue 
(Pounds per  acre)  (p.p.m. )  (gm.)  (p.p.m. )  (gm.)  (p.p.m.)  (gm. )  (gm. )  (gm. )  (p.p.m.)  
Toxaphene 2 1 9.0 1061 2.9 509 2 .3  900 2470 . 013095  5.3 
1 1 4.6 971 4 .7  420 11.3 774 2165 .015187 7.0 
1 1 1 9.4 762 1.8 402 9 .9  700 1864 .014816 7.9 
IV 8.4 7 83 2 .4  391 6.5 729 1903 .012254 6 .4  
Avg. 7.9 3.0 5 .0  • 6.7 
Toxaphene 3 1 7.1 731 7 .5  327 5.3 613 1671 .010892 6.5 
1 1 9 .8 675 1 .6  375 9 .7  660 1718 .013695 8 .0 
1 !  1 2 .8 750 4 .9  399 6.8 530 1679 .007659 4.6 
IV 7.9 881 4 .0  484 6.8 636 . 2001 .013221 6 .6  
Avg. 6.9 4.5 7.2 6 .4  
101 
Table  28.  Insect ic ide  res idues fo l lowing app l ica t ion  o f  granu lar  insect i ­
c ides  fo r  second brood cont ro l ,  1956. a  
Residue in  par ts  per  mi l l ion 
Rate per  Repl  icate 
1nsect ic i  de acre 1 11 11 1 IV Mean 
(Pounds)  
Sampled Auqust  21 
DDT 1 0 .1  2.  1 1 .0  0 .3  0.9 
Heptachlor  0 .5  <0.  I  <0.  1 <0.  1 0.2 0.  1 
1 .0  0 .5  1.1 Lost  0 .5  0 .7  
1.5 0 .7  I . I  1.8 <0.  1 0.9 
Toxaphene 1 1 .7  3 .7  2.8 1.5 2 .4 
2 2 .2  5 .7  6.2 3-5 4 .4  
3 2 .4  12.3 2.5 1.6 4 .7 
Sampled October  13 
DDT t  0.8 1.0 1.2 0 .7  0.9 
Heptachlor  0 .5  <0.05 <0.05 <0.05 <0 .05  <0.05 
1.0 0.48 <0.05 <0,05 <0 .0  5 0.12 
1.5 <0 .05  <0.05 <Û.05 <0.05.  <0.05 
Toxaphene 1 0.6 1.0 2.  1 - 1.2 
2 5 .2  5 .2  • 3 .7  5 .4  4.9 
3 3 .5  3 .3  3.3 4.6 3.9 
^Appl icat ions made Ju ly  31 
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Tab le  29.  Insect ic ide  res idues fo l lowing app l ica t ion  o f  granu lar  insect i ­
c ides  fo r  f i rs t  brood cont ro l ,  1957. a  
Residue in  par ts  per  mi  11 i  on 
Rate per  Sampl ing Repl icate 
1nsect ic ide acre date 1 1 1 1  1 1 IV  Mean 
(Pounds)  
DDT 0 .6  6/28 1.0 0 .7  1.2 1.4 1.1 
7/30 0 6 .5  0 0 1 .6  
9 /3  0.7 0 .7  1.7 1.0 1 .0  
9 /24 0.2 0.5 0 .7  - 0.4 
Heptachlor  1 6 /28 3.3 5 .5  3.2 8.0 5 .0  
7/30 <0.1 <0.1 <0.  1 < 0 .  1 <0.  1 
9 /3  < 0 .  1 <0.1 <0.  1 <0.  1 < 0 .  1 
9 /24 < 0.  1 £0.  1 <0.  1 <0.  1 <0.  1 
Toxaphene 2 6 /28 14.6 19.1 10.  1 14.6 14.6 
7/30 0 2 .2  0 .2 2.7 1 .3  
9 /3  2.5 0 .5  2.  2  4 .3  2 .4  
9/24 3.6 2.2 1.0 1 .4  2.1 
^Appl icat ions made June 27 
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Tab le  30.  Insect ic ide  res idues fo l lowing app l ica t ion  o f  granu lar  insect i ­
c ides  fo r  second brood cont ro l ,  1957. a  
T
O
 
CD to i  due i  n par ts  per  mi  11 ion 
Rate per  Sampl ing Repl icate 
1nsect ic  ide acre date I  1 1 1 11 IV Mean 
(Pounds)  
DDT 1 3 /15 5.5 7 .  3  8.8 13.  8  9 .0  
9/16 7.0 6 .  7  4 .8  3- 8  5 .6  
10/19 5.4 3.  7  8.6 2.  2 5 .0  
Heptachlor  1 8 /15 1.2 0.  8  2.2 1.  4  1 .4  
9/16 <0.01 <0. 01 <0.01 <0.  01 <0.01 
10/19 <0.01 <o.  01 <0.01 <0. 01 <0.01 
Toxaphene 2 8/15 13.6 9 .  8 11.2 11.  9  11.6 
9/16 2.4 4.  0  4 .5  3.  2  3 .5  
10/19 6.9 1.  2 3 .4  0 2.9 
^Appl icat ion made August  14 
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Tab le  31.  Insect ic ide  res idues fo l lowing app l ica t ion  o f  granu lar  insect i ­
c ides  fo r  f i rs t  brood cont ro l ,  1958. a  
Res idue in  par ts  per  mi l l ion 
Rate per  Sampl ing Repl icate 
1nsect i  c i  de acre date 1 1 1 11 1 IV  Mean 
(pounds)  
DDT 1 6/24 38.1 21.2 41.9 43.4 36.2 
7/23 0.3 0.9 0 .8  1.7 0.9 
9/19 0.6 0.3 0.2 0.3 0 .4  
Heptachlor  0.75 6/24 1.9 5 .3  3.9 3 .4  3-8 
7/23 <0.05 <0.05 <0.05 <0.05 <0.05 
9/19 <0.05 <0.05 <0.05 <0.05 <0.05 
Toxaphene 1.5 6/24 6.5 9.6 4.4 b.  0  0 .6  
7/23 1.0 0.9 0 0 .8  0.7 
9/19 0.9 1.7 0 0 .9  
^Appl icat ions made June 23 
Table 32.  Insect ic ide res idues fo l lowing appl icat ion o f  granular  insect i ­
c ides for  second brood cont ro l ,  1958. a  
Residue in  par ts  per  mi l l ion 
Rate per  Sampl ing Repl icate 
1 nsect i  c i  de acre date I 1 1 1 1 1  IV Mean 
(pounds)  
DDT 1 3 /19 1 .8 0 .4  0 0.8 0.8 
9/16 2.0 1.9 1.1 1.1 1 .5  
10/14 1 .2  1.3 1.7 2.  1 1.6 
Heptachlor  0 .75 8/19 0.83 0.62 0.48 0.62 0.64 
9/16 0.07 0.14 0.11 0.25 0.14 
10/14 0.08 0.07 0.11 0.  1 1  0 .09 
Toxaphene 1 .5 8/19 3-2 1.9 2 .8  3.7 2.9 
9/16 1.5 1 .4  1.4 1.7 1 .5 
10/14 1 .6 0.9 1.3 2 .4  1 .6  
Appl icat ions made August  18 
